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2 (57) Abstract: The invention provides a recombinant mammalian protdn modified to eliminate or reduce by at least about 80 %, 
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against the wild4ype protein, the said recombinant protein having, in itsactivefomi, a specific activity higher than 0.1, for use as a 
medicament The recombinant protein is useful for making a pharmarentiral composition for the prevention or treatment of a disease 
induced by a lack or a dysfunction of a human protein, socfa as hemophilia. 
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RECOMBINANT MOLECULES WITH REDUCED IMMUNOGENICITY. METHODS 
AND INTERMEDIATES FOR OBTAINING THEM AND THEIR USE IN 
PHARMACEUTICAL COMPOSITIONS AND DIAGNOSTIC TOOLS. 

The present invention relates to recombinant molecules with reduced 
immunogenicity, methods and intemiediates for producing them and therapeutic 
and diagnostic applications resulting therefrom. More particularly, this Invention 
relates to recombinant mammalian proteins, e.g. coagulation factors, with reduced 
immunogenicity as active ingredients for the treatment of patients with diseases 
induced by a dysfunction of a protein, in particular various types of hemophilia. 
BACKGROUND OF THE INVENTION 

Factor VIII (hereinafter refened as FVIII) is a protein providing important 
coagulant cofactor activity and is one of human clotting fectors with a rather high 
molecular weight (about 265,000) and a very low nonmal plasma concentration 
(0.0007 pmole/iitre). With its 2,332 amino-acid residues, FVIII is one of the longest 
known polypeptide chains and is synthesized in the liver, the spleen and the 
placenta. Its gene has been shown to include 186,000 nucleotides. FVIII circulates 
as inactive plasma protein. Factors V and VIII are homologous proteins sharing a 
common structural configuration of triplicated A domains and duplicated C domains 
with structurally divergent B domains connecting the A2 and A3 domains. 

The human FVIII gene was isolated and expressed in mammalian cells, as 
reported by various authors, including Wood et al. in Nature (1984) 312:330-337 
and the amino-acid sequence was deduced from cDNA. U.S.Patent No. 4,965,199 
discloses a recombinant DNA method for producing FVIII in mammalian host cells 
and purification of human FVIII. The human FVIII detailed structure has been 
extensively investigated. The cDNA nucleotide sequence encoding human FVIII 
and predicted amino-acid sequence have been disclosed for instance in 
U.S.Patent No. 5,663,060. In a FVIII molecule, a domain may be defined as a 
continuous sequence of amino-acids that are defined by internal amino-acid 
sequence homology and sites of proteolytic cleavage by a suiteble protease such 
as thrombin. Unless othenvise specified, FVIII domains include the following 
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amino-acid residues, when the sequences are aligned with the human amino-acid 
sequence: A1, residues 1-372; A2, residues 373-740; B, residues 741-1648; A3, 
residues 1690-2019; C1, residues 2020-2172; C2, residues 2173-2332. The 
remaining sequence, residues 1649-1689, is usually referred to as the FVIII light 
5 chain activation peptide. FVIII is produced as a single polypeptide chain which, 
upon processing within the cell, is rapidly cleaved after secretion to form a 
heterodimer made of a heavy chain containing the A1 , A2 and B domains and a 
light chain made of the A3-C1-C2 domains, according to Kaufman et al, J. BioL 
Chem, (1988) 263:6352-6362. The two chains are non-covalently bound by 

10 divalent cations. Both the single-chain polypeptide and the heterodimer drculate in 
plasma as inactive precursors, as taught by Ganz et al., Eur. J, Biochem. (1988) 
170:521-528. Activation of fadtor VIII in plasma initiates by thrombin cleavage 
between the A2 and B domains, which releases the B domain and results in a 
heavy chain consisting of the Al and A2 domains, according to Eaton et al., 

15 Biochemistry (1986) 25:505-512. Human recombinant FVIII may be produced by 
genetic recombination in mammalian cells such as CHO (Chinese Hamster Ovary) 
cells, BHK (Baby Hamster Kidney) cells or other equivalent cells. 

Pratt et al. in NaturB (1999) 402:439-42 disclose the detailed structure of the 
carboxy-tenninal C2 domain of human FVIII, which contains sites that are essential 

20 for its binding to von Willebrand factor and to negatively charged phospholipid 
surfaces. This structure, which reveals a beta-sandwich core from which two beta- 
turns and a loop display a group of solvent-exposed hydrophobic residues, partly 
explains mutations in the C2 region that lead to bleeding disorders in hemophilia A. 
According to Gale et al. in Thromb. Haemost (2000) 83:78-85, of the at least 250 

25 missense mutations that cause FVIII deficiency and hemophilia A, 34 are in the C 
, domains. 

Haemophilia A is a disease characterized by insufficient quantity of 
functionally active FVIII molecules. The disease, which affects 1/10,000 males, is 
classified according to the level of functional FVIII in severe (< than 1% FVIIJ), mild 
30 (1 -5%) and moderate fornis (>5%). 
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FVIII is a cofactor of the intrinsic pathway of the coagulation cascade, which 
acts by increasing the proteolytic activity of activated factor IX over factor X, in the 
so-called tenase complex formation. Patients suffering from hemophilia A present 
with bleedings which are either spontaneous in the severe form of the disease, or 

5 occur after trauma in the mild/moderate fonns. 

Hemophilia A patients are usually treated by replacement therapy, which 
consists in infusing human FVIII either purified from pools of donor plasma, or 
obtained by cDNA recombination technology. For instance, U.SPatents No. 
5,618,788 and No. 5,633,150 disclose producing functional species of human FVIII 

10 via recombinant DNA technology. In particular, they disclose (i) isolated DNA 
comprising a sequence encoding functional human FVIII, and (ii) a replicable 
expression vector capable, in a transfectant culture of cells, of expressing the said 
DNA sequence. They also express the idea that various human FVIII derivatives 
may potentially exist and be prepared by single or multiple amino acid deletions, 

15 substitutions, insertions or inversions, e.g. by means of site directed mutagenesis 
of the underlying DNA. These documents however do not disclose what these 
deletions, substitutions, insertions or inversions should be in order to have specific 
usefulness in diagnostic or therapeutic applications. 

U.S.Patente No. 5,364,771 and No. 5,663,060 disclose purified hybrid factor 

20 VIII molecules comprising non-human mammalian and human amino acid 
sequences and having procoagulant activity in vitv. They also disclose 
compositions comprising such molecules combined with a pharmaceutically 
acceptable carrier, which are useful in treating human patients having antibodies to 
FVIII that inhibit coagulation activity. However these hybrid FVIII molecules suffer 

25 from the well known disadvantages of heterologous systems, i.e. although for 
instance porcine FVIII can be administered to humans with inhibitor antibodies, 
because there is only limited cross-reactivity between human and porcine FVIII and 
porcine FVIII is not inactivated by patient inhibitor antibodies, however tolerance to 
porcine FVIII is only transient and high titer antibodies towards both human and 

30 porcine FVIII can be detected in plasma of such patients after only a few days of 
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administration. This indicates that the repertoire of B lymphocytes contains cells 
able to produce antibodies recognizing porcine FVIIL 

One of the major complications of the replacement therapy is the elicitation 
of an immune response towards the infused compound. Thus, antibodies to FVIII 
5 preclude further infusion, as exogenous FVIil is immediately neutralized by 
circulating anti-FVIII antibodies. 

Different factors are known to be associated with the emergence of anti- 
FVIII antibodies, also called inhibitors. Thus, patients with the severe form of the 
disease are more prone to develop inhibitors than patients witii the mild/moderate 
10 fbmi. Some FVIII products have also been associated v^th a higher incidence of 
inhibitors. Altogether, about 25% of haemophilia A patients produce inhibitory anti- 
FVIII antibodies. 

Factor IX (hereinafter referred as FIX) is a globular protein which has a 
molecular weight of about 70,000 daltons and which, in a normal individual, is 

15 constantly produced in the liver and circulates at a normal blood plasma 
concentration of about 5 pg/ml. FIX is a vitamin K-dependent protein which also 
participates in blood coagulation. It is synthesized in the fomri of a zymogen and 
undergoes tiiree types of post-translational modifications before being secreted 
into the blood: (i) vitamin-K-dependent conversion of glutamic acid to 

20 cart)oxyglutamic acid, (ii) addition of hydrocarbon chains and (iii) beta- 
hydroxylation of an aspartic add. It participates in the blood coagulation cascade 
and Is used for the treatment of hemophilia B patients 

Although FIX inhibitors are far less common and occur in about 2 to 3% of 
boys yyrith hemophilia B (compared to an occurrence of about 30 to 50% of 

25 inhibitors in boys with hemophilia A), approximately half of such cases where 
inhibitors against FIX occur are accompanied by the occurrence of anaphylaxis or 
severe hypersensitivity reactions to any FIX-containing product, according to 
Lusher in Best Pract Res. Clin. Haematol (2000) 13:457-468. 

Anti-FVIII antibodies are mostly immunoglobulin G (IgG) antibodies. The 

30 production of such antibodies is believed to be T-cell dependent", which means 
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that help provided by specific T lymphocytes is required for efficient activation of B 
lymphocytes. 

An immune response towards soluble antigens, such as FVIII, requires that 
the antigen is first processed by specialized cells, called antigen-presenting cells. 
5 The function of such cells is precisely to present the antigen after processing to 
specific T cells. The latter can in turn help B lymphocytes to mature and secrete 
antibodies, i.e. specific T cell activation is a necessary step occunring before B cell 
activation. Therefore, preventing the activation of FVIII-specific T cells would also 
prevent B cell activation and thereby antibody production. 

10 T cells recognize small stretches of amino acids presented in the context of 

class II major histocompatibility complex molecules (hereinafter refenred as MHC- 
ciass II). In addition, T cell epitopes are organized according to a hierarchy 
consisting of immuno-dominant or major epitopes, minor epitopes and cryptic 
epitopes. Major epitopes are recognized by a majority of individuals and represent 

15 the epitopes first recognized in the elicitation of an immune response. Eliminating 
such major T cell epitopes could therefore be sufficient to prevent T cell activation 
towards FVIII. Altogether, it is likely that only a limited number of T cells epitopes 
would need to be removed from the FVIII molecule in order to prevent the 
fonmation of inhibitory antibodies. 

20 There are two methods by which a T cell epitope can be eliminated. This 

can first be achieved by the substitution of some amino-acids involved in the 
anchoring of the peptide containing the T cell epitope in major histocompatibility 
complexes at the surface of antigen-presenting cells. This first method results in a 
lack of peptide presentation, which is independent of Vhe specificity of the T cell 

25 receptor. The second method consists in altering the amino-acid residues that are 
directiy involved in recognition by the T cell receptor. 

Therefore there is a general need in tiie art for a method suitable to reduce 
the immune response of a protein, and more specifically to identify the T cell 
epitopes of proteins, in particular the T cell epitopes of blood coagulation factors 

30 such as the FVIII molecule and ^ctor IX, which are associated with the activation 
of T cells participating in the production of inhibitory antibodies. There is also a 



wo 02/098454 



PCT/BE02/00088 



6 

need in the art for modified proteins that are able to substantially reduce the 
activation of T cells while keeping a high specific activity in replacement therapy. 
Apart from blood coagulation factors, a similar concem has been expressed for the 
enzyme replacement therapy developed for mucopolysaccharidose patients, since 
immune responses have been reported in animal models and in human Gaucher 
patients. There is also a broad concem in the art that the development of 
antibodies to replaced proteins may limit the success of many human gene therapy 
approaches. A purpose of the present invention is to address these various needs. 
SUMMARY OF THE INVENTION 

A first aim of the present invention is a method to identify the T cell epitopes 
of proteins, in particular blood coagulation factors such as the FVIII molecule, 
which are associated with activation of T cells participating in the production of 
protein-specific antibodies, e.g. inhibitory antibodies. After effective perfomiance of 
this identification method, amino-acids of such epitopes may then be substituted or 
deleted in order to prevent T cell recognition. Amino-acid residues that are directly 
involved in the anchoring into MHC-dass II determinants are preferably first 
identified and then substituted or deleted in order to prevent anchoring and thereby 
prevent T cell activation. Alternative possibilities will also be considered, which 
target amino-acid residues recognized by the T cell antigen receptor or flanking 
residues involved in the affinity of T cell recognition. Residue substitutions and/or 
deletions which are able to preserve the major part of the protein biological activity, 
e.g. essentially all of the FVIII pro-coagulant function, are then selected. It is 
prefemed if the said modification leaves the three-dimensional structure essentially 
unmodified, e.g. so as not to generate a new antibody binding site. 

The invention thus provides a recombinant modified functional polypeptide 
which exerts at least one function of a mammalian protein and which eliminates or 
reduces by at least about 80%, with respect to activation by the unmodified 
polypeptide, the activation of at least one T-cell done derived from a mammal with 
antibody against the said unmodified polypeptide, the said recombinant modified 
functional polypeptide having in vitro a specific activity higher than 0.1, for use as a 
medicament. 
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Preferably, the T cell clone is derived from a human. More preferably, the said 
protein is a coagulation factor such as FVIII or FIX (or polymorphisms or variants 
thereof which have at least 10% of the catalytic activity of FVIII or FIX, respectively, 
in the coagaulation cascade). More preferably, the recombinant polypeptide is in a 
5 purified fomn. 

The invention also provides a method to generate a mammalian protein-specific T- 
cell clonal cell line by using a cell line expressing protein-specific antibodies, or 
fragments thereof, on its surface. Preferably the said cell line is a lymphoblastoid 
cell line. For Instance, the invention provides T-cell clonal cell lines obtained by 

10 using as antigen-presenting cell the ceil line KRIX 1. The cell line KRIX 1 was 
deposited by Dr. Marc Jacquemin (Center for Molecular and Vascular Biology, 
Herestraat 49, 3000 Leuven, Belgium) on July 1, 1999 at the Belgian Coordinated 
Collections of Microorganisms (BCCM), LMBP (plasmid collection, Laboratorium 
voor Moleculaire Biologie, Universiteit, K.L. Ledeganckstraat 35, 9000 Gent, 

15 Belgium) with Accession Number LMBP 5089CB. The cell line was assayed as 
being viable on July 9, 1999. Preferably, the protein involved in this method is a 
coagulation factor such as FVill or FIX (or polymorphisms or variants thereof which 
have at least 10% of the catalytic activity of FVIII or FIX, respectively, in the 
coagaulation cascade). More preferably, cell lines expressing the protein-specific 

20 antibodies are obtained by transfection or transduction with an expression vector 
for the protein-specific antibody or fragment thereof. More preferably the method 
comprises, in the following order, at least one of the following steps : 

- identifying a peptide which has an epitope recognized by the clonal T-cell line 
by using a synthetic peptide library corresponding to the said protein, 

25 - using the T cell clonal cell line to identify modifications of the T-cell epitope 
eliminating or reducing by at least about 80% its ability to activate the T-cell 
clonal cell line, 

- producing a recombinant protein carrying a modification identified in the 
previous identification step, 

30 - using the T-cell clone to verify that the modified protein does not provoke more 
than 20% T-cell activation by comparison to the wild-type protein, and 
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- controlling the activity of the modified protein by means of a suitable protein 
functional assay. 

The present invention further encompasses a recombinant protein obtainable by 
this method, for instance a recombinant protein carrying, in respect of the wild-type 
5 protein, a substitution of a single residue and/or one amino-acid deletion. As a 
typical example thereof, this invention considers a recombinant human FVIII 
protein (or polymorphisms or variants thereof which have at least 10% of the 
catalytic activity of FVIII or FIX, respectively, in the coagaulation cascade) carrying 
a substitution by another residue in the region between residues 2144 and 2161, 

10 for instance a substitution at residue 2153. This invention also relates to a 
recombinant protein carrying in respect of the wild-type protein several 
modifications located in one domain or combination of domains of the protein. 

In another embodiment, this invention provides a peptide identrTied during the 
first step of the method as previously disclosed. Such a peptide preferably 

IS encompasses residues which can be mutated or deleted to eliminate or reduce by 
at least about 80% the activation of at least one T-^ll clone activated by a wild- 
type protein. For instence, when the protein is a coagulation factor such as the 
human FVill (or polymorphisms or variants thereof which have at least 10% of the 
catalytic activity of FVIII or FIX, respectively, in the coagaulation cascade), the said 

20 peptide includes at least residues 2144 to 21 61 thereof. 

This invention also provides in vitro use of such a peptide for evaluating T-cell 
reactivity, and in vivo use of such a peptide for evaluating and/or modulating T-cell 
reactivity. 

In still another embodiment, this invention provides a DNA sequence coding for 
25 a recombinant polypeptide such as previously defined, in particular the DNA 
sequence of human FVIII or of human FIX (or polymorphisms or variants thereof 
which have at least 10% of the catalytic activity of FVIII or FIX in the coagaulation 
cascade). For example, one embodiment includes FVIII (or polymorphisms or 
variants thereof which have at least 10% of the catalytic activity of FVIII, in the 
30 coagaulation cascade) carrying one single mutation at residue 2153. The invention 
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further relates to an expression vector including such a DNA sequence and a 
suitable promoter. 

This invention also relates to a pharmaceutical composition comprising an 
effective amount of a recombinant protein, a peptide or an expression vector such 
5 as previously disclosed, and a phamiaceutically acceptable carrier. Finally, the 
invention provides a method for the prevention or treatment of a disease induced 
by a lack or a dysfunction of a human protein, comprising administering to a patient 
in need thereof an effective amount of a recombinant protein, a peptide or an 
expression vector such as previously disclosed. The said protein may be a 
10 coagulation factor such as FVlll or (the disease to be treated being hemophilia A) 
or FIX (the disease to be treated being hemophilia B). 

Importantly, the present invention is widely applicable to any mutant or 
variant of the relevant protein, in particular to any mutant or variant of the FVlll or 
FIX molecule. 
15 BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 shows IFN-y production following activation of T-cell clonal cell 
lines with human factor VIII. 

Figure 2 shows stimulation of T-cell clonal cell lines witii recombinant 
human fector VIII fragments. 
20 Rgure 3 shows the results of T-cell clone epitope mapping with synthetic 

peptides of tiie C1 domain of human factor VIII. 

Figure 4 shows that non-specific B cell lines present human FVlll peptides 
but not intact FVlll. 

Figure 5 shows that point mutations alter the T-cell epitope recognized by 
25 clonal cell lines. 

DEFINITIONS 

As used herein, "modified protein (or polypeptide)" denotes any recombinant 
protein (or polypeptide) molecules in which a single or a small number of amino- 
30 acids have been eitiier substituted by any other amino-acid residue or deleted. 
Such amino-acid substitution or deletion can be located anywhere in the protein 
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molecule. It also denotes protein molecules in which amino-acid residues have 
been substituted and/or deleted at more than a single location. In the latter case, 
any combination of substitution and deletion can be considered. 
The terni "unmodrfied protein or polypeptide" relates generally to wild-type proteins 

5 or polypeptides having a normal function and includes polymorphisms which do 
not affect the catalytic activity sufficiently to generate a pathological state. Hence, 
wild-type, hybrid, truncations of a non functional domain (such as the B domain of 
factor Vill) or (single or multiple) point mutations (mutation being defined as 
substitution, deletion, insertion or inversion) are included within the scope of this 

10 tenm. 

As used herein, ''polymorphism" refers to the regular and simultaneous 
occurrence in a single interbreeding population of two or more alleles of a gene, 
where the frequency of the rarer alleles is greater, typically greater than 1%) than 
can be explained by recurrent mutation alone. 
15 With respect to factor VIII, for example, a rest catalytic activity of at least 

10% is considered not to generate a serious pathological state in humans. 

"Non-autologous" with respect to humans means not firom the same 
individual. 

As used herein, the temis "epitope", "antigenic site" and "antigenic 
20 detemninanf are used synonymously and are defined as a portion of the protein 
that is specifically recognized by an antibody or by the antigen receptor of a T cell. 
It can consist of any number of amino-acid residues and can be dependent upon 
the primary, secondary or tertiary structure of the protein. Thus, a protein that 
includes at least one epitope may be used as a reagent in the diagnostic assays. 
25 As used herein, a "T cell epitope" is a stretch pf amino-acids from the 

sequence of a protein and which varies in length between about 7 and 30 amino- 
acids. This epitope contains (i) residues enabling it to anchor into MHC class II 
molecules and (ii) distinct residues that are recognized by the antigen receptor of 
the corresponding T cell. 
30 As used herein, a "B cell epitope" is a set of amino-acids that are present 

either as a sequence of amino-acids from a protein molecule, or as discontinuous 
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residues located at a distance from each other but brought together in the 3-D 
structure of the molecule. The B cell epitope is recognized by antibodies at the 
surface of specific B cells and by soluble antibodies produced by such B cells. 

As used herein, "specific activity" makes reference to the ratio of the 

5 biological actrvrty of a protein in a certain diagnostic assay to the biological activity 
of the corresponding wild-type protein in the same assay. For instance, as applied 
to FVIIl, it refers to the activity that will conrect the coagulation defect of human 
FVIII deficient plasma and is measured in units of dotting activity per milligram total 
FVIIl protein in an assay in which the clotting time of human FVIil deficient plasma 

10 Is compared to that of nonmal human plasma. In this assay, the shorter the time for 
clot fomiation, the greater the activity of the FVIII being assayed. 

As used herein, ''expression vector^ means a vector which is capable of 
expressing a DNA sequence contained therein, where such sequence is operably 
linked to another sequence, such as a promoter, capable of effecting their 

15 expression. The expression vector replicates in the host cell, either by means of an 
Intact operable origin of replication or by functional integration into the cell 
chromosome. In general, an expression vector useful in recombinant DNA 
technology is in the form of a "plasmid" which refers to circular double stranded 
DNA loops. However the invention includes all such other fomis of expression 

20 vectors which serve equivalent functions. 

DETAILED DESCRIPTION OF THE INVENTION 

Atthough the present invention will be explained in details with respect to 

human FVIII, it is based on a concept widely applicable to mammalian proteins, in 
25 particular to blood coagulation factors, and therefore should not be interpreted 

solely in connection with human FVIII but should be extended to any protein of 

mammalian origin, which is known to be specifically involved in a specific disease. 

In addition the invention will mainly be described with reference to wild-type FVIII 

(or FIX) as an unmodified protein but the present invention also includes point 
30 mutations being introduced into polymorphisms of FVIII (or FIX). The fact that a 

polymorphism or a modified protein results in a mild disease state does not prevent 
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its use with the present invention (by further point modifications, for example) 
where the aim is to treat patients with a more serious disease state, that is the 
present invention aims at alleviate life-threatening states (while reducing the risk of 
a T-ceW response to any such modified protein) but does not necessarily require 
5 reinstatement of full functionality. 

As briefly stated previously, the invention involves a method to produce a 
recombinant mammalian protein with reduced immunogeneicity, comprising the 
steps of : 

(a) isolating firom a mammal antibody-producing T-cells against a wild-type 
10 mammalian protein, 

(b) Identrfying the major T-cell epitopes of the said wild-type mammalian protein 
which are associated with activation of T cells obtained in step (a), and 

(c) substituting or deleting amino-acids of the major T-cell epitopes identified in 
step (b) in such way as to eliminate or reduce by at least about 80% T cell 

IS activation. 

This method may further comprise the step of selecting the amino-acid 
substitutions or deletions of step (c) which are able to preserve a specific activity of 
the recombinant mammalian protein higher than about 0.1. Furthermore, the 
identrfying step (b) may be perfomned by means of a peptide library from the wild- 

20 type mammalian protein. 

More preferably, this invention is applicable to proteins which (i) are in current 
use or have been suggested for use in a therapeutic treatment and (ii) give rise to 
the occurrence of inhibitory antibodies in the patient. A non limiting list of such 
proteins includes: 

25 - proteins involved in diseases of the immune system such as the gene product 
of the FMF gene responsible for familial mediterranean fever, the interieukin-2 
receptor gamma (IL2RG) gene or adenosine deaminase (ADA) gene in severe 
combined immunodeficiency; 
- proteins involved in metabolic disorders such as phenylalanine hydroxylase 

30 (PAH) in phenylketonuria, apolipoprotein E in Gauchers disease, ornithine 
ketoacid aminotransferase (OAT) in gyrate atrophy of the choroid coating 
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retina, ABC1 (ATP-binding cassette) in Tangier disease , beta-hexosanninidase 
A (HEXA) in Tay-Sachs disease; 

- proteins involved in diseases of the musculature such as the cytoskeletal 
protein dystrophin in Duchenne muscular distrophy, the survival motor neuron 

5 gene (SMN1) in spinal muscular atrophy (SMA); 

- proteins involved in diseases of the nervous system such as the superoxide 
dismutase (S0D1) in amyotrophic lateral sclerosis (ALS), the gene product of 
the FMR1 gene in fragile X syndrome; 

- proteins involved in diseases caused by a disfunction of cell signaling such as 
10 the gene product of the ATM gene in ataxia telangiectasia, the gene product 

GLC1A gene in glaucoma, the gene product PAX3 in Waardenburg syndrome 
(WS), WRN helicase in Werner's disorder ; 

- proteins involved In diseases caused by a disfunction of transporter proteins 
such as the gene product of the CFTR gene in cystic fibrosis, the copper 

15 tranporfcer protein encoded by the ATP7B gene in Wilson's disease. 

The skilled person will readily be able to take benefit from the invention by first 
determining the probability to be successful in performing the Invention for a given 
protein with minimal investigation, i.e. without undue burden and time efforts, 
according to the following instructions. First, the skilled person will generate at 

20 least a T-cell clonal cell line reacting against the protein of interest, using methods 
standard in the art. In this respect, a representative collection of T cell clones must 
be established in order to identify as many T cell epitopes as possible. Then, a 
peptide library of the protein of interest will be prepared, using peptide synthesis 
procedures common in the art. Then, the first step of the method of the invention, 

25 i.e. Identifying by means of the peptide library corresponding to the protein of 
Interest at least one peptide which has an epitope recognized by the clonal T-cell 
line, is performed. After this step, it becomes possible to identify the peptide that 
generates T ceil clone activation. From this infonmation, Oie skilled person is able 
to (i) derive the number of epitopes involved and (ii) evaluate where such epitopes 

30 are located on the protein of interest If the number of epitopes involved is higher 
than about 20, it is likely that the Invention will require extensive investigations 
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which will make it less attractive. On the contrary, If the number of epitopes 
involved is not above about 20, then the invention will likely be helpful without an 
undue burden of effort and. therefore, the second step of the method of the 
invention, i.e. using the T cell clonal cell line to identify modifications of the T-cell 

5 epitope eliminating or reducing by at least about 80% its ability to activate the T- 
cell clonal cell line, will be performed. The skilled person readily understands that 
the amount of effort will depend not only upon the number of epitopes to be 
modified but also upon whether these are located in a region of the protein which is 
critical for its functional activity and/or its structural integrity. 

10 The method disclosed in the present invention has advantages with respect 

to previous methods of generating recombinant molecules with reduced 
immunogenecity and where peptides are presented to T cells (WO 01/40281 or 
WO 99/53038). This method can not be followed to identify relevant T cell 
epitopes in proteins such as Factor Vlli. Reding et al. in (Reding et al (2000) 

15 Thromb. Haemost 84, 643-652) studied the response to FVIII peptides of 
polyclonal CD4h- T cells purified either from the blood of nonnal individuals, or from 
haemophilia A patients with or without anti FVIII antibodies. These autiiors 
demonstrated that healthy individuals and haemophilia A patients witiiout inhibitor 
have polyclonal T cells recognising several of tiie peptides derived from the 

20 sequence of the FVIII molecule, although these subjects are tolerant to FVIII. 
Moreover, when polyclonal CD4+ T cells derived from haemophilia A patients with 
inhibitor were assayed with the same FVIII peptides, FVIII-specffic T cells were 
identified, which recognised klentical peptides as those recognised by healthy 
individuals or haemophilia A patients without inhibitor. Therefor all healtiiy subjects 

25 have FVIII specific T cells identifiable by a method where peptides are presented to 
T cells, although these individuals remain completely tolerant towards, their own 
FVIII and can be transfused with blood or plasma without developing an immune 
response towards FVIII. The reason for the detection of T cells recognising FVIII 
peptides in healthy individuals or haemophilia A patients without inhibitor is still 

30 unknown. It is possible that the T cell proliferation assay detects T cells 
recognising peptides which are nomially not presented to T cells by antigen 
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presenting cells loaded with the native protein. The processing of a protein within 
the late endosome occurs through a number sequential events Involving proteolytic 
cleavages, reduction of disulphide bridges and selection of the amino acid 
sequences that fir best for binding to major histocompatibility complex (MHC) 
5 molecules. The result is that only a small number of T cell epitopes are selected for 
presentation, even with proteins of relatively large size. By contrast, a short 
peptide, whenever processed by an antigen-presenting cell, finds no competition 
. with other potential epitopes present in the corresponding native protein. In the 
absence of such competition, the peptide is presented even when its affinity for 

10 MHC-class II binding is not high. Besides, short peptides of the size used in 
publications such as Reding et aL are able to bind directly to MHC class II 
molecules at the surface of the antigen presenting cells and can be recognised by 
T cells without need for processing. Moreover, the size of the natural T cell 
repertoire in man is such that is able to recognise virtually any possible epitope. 

15 Consequently, all epitopes presented by MHC class II molecules loaded with 
synthetic peptides v^ii be matched by a connesponding T cell. 

Mild/moderate haemophilia A patients rarely produce inhibitory antibodies 
towards infused FVIII. This is due to the lower frequency of FVIIi administration in 
such patients, who suffer from bleedings only after trauma or during surgery. 

20 However, this low frequency of inhibitors is also due to the fact that such patients 
having significant levels of circulating FVIII had the opportunity to become 
immunologically unresponsive against FVIII. The mechanisms by which such 
unresponsiveness develops are well knov^ to those skilled in the art and can be 
found in recently published reviews such as Immunological Tolerance (1998) 

25 Novartis Foundation Symposium 215, Wiley. Chichester. Briefly, during the 
ontogeny of the immune system, lymphocytes capable to recognize and to be 
activated by self antigens are eliminated fiiom the repertoire by deletion 
mechanisms occurring in the bone marow (B cells) and in the thymus (T cells). 

Patients with mild/moderate haemophilia A are therefore expected to have 

30 become tolerant towards all FVIII T cell epitopes, except those which are affected 
by the mutation/deletion responsible for the haemophilia phenotype. If an inhibitor 
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antibody is formed, then the T cells required for antibody production should be 
located close to or at the said mutated/deleted site. In support of this, 
epidemiological studies in mild/moderate haemophilia A patients have identified a 
preferential association of inhibitory antibodies with mutations located within 
5 discrete regions of the FVIII molecule, such as parts of the C1 and of the C2 
domains, as reported by Hay et aL, Thromb.Haemost (1998) 79: 762. 

From peripheral blood lymphocytes of patients with inhibitor and 
mild/moderate haemophilia A, it is possible to expand the population of FVIII- 
specific T cells which are potentially involved in the production of antibodies. Such 

10 T cells can be cloned by methods well known in the art However, we discovered 
that efficient characterization of such T cell lines required the use of FVIII-specific 
B cell lines as antigen-presenting cells. 

The follovM'ng is an example of a method to generate and identify cell lines 
expressing coagulation factor antibodies at their surface. Antigen-presenting cells 

15 activate CD4+ T cells tiiat recognize peptides bound to MHC class II molecules. 
For efficient activation, T cells require peptide presentation in the context of self 
MHC class II molecules. Therefore, cell lines expressing FVIII-speclfic surface 
immunoglobulins should express MHC class II molecules identical to those 
expressed by the indi^ndual from whom FVIII-specrfic T cell clones are to be 

20 derived. Such cell lines can be obtained by first immortalizing the patient's B 
lymphocytes with the Epstein-Banr ^^rus, according to methods well known by 
tiiose skilled in the art, for instance as disclosed by Jacquemin et al. in Blood 
(1998) 92:496. In a second step, FVIII-specific B cells are selected by screening 
cell culture supematants for the presence of anti-FVIII antibodies. Antibodies 

25 towards FVIII are identified by incubating cell culture supematants in microtitration 
polystyrene plates coated with FVIII. The binding of specific antibodies is detected 
by addition of an anti-human IgG reagent coupled to an enzyme. Addition of an 
enzyme substrate which is converted to a colored compound in the presence of the 
enzyme allows the detection of specific antibodies. Such method referred to as 

30 enzyme-linked immunoassay (ELISA) is well knovm to those skilled in the art and 
described in details e.g. in Cunrent Protocols in Immunology, chapter 2, John Wiley 
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& Sons (1994). Microcultures producing anti-FVIII antibodies are then expanded 
and cloned. Clonal cell lines are then further selected for the production of anti- 
FVIII antibodies, e.g. according to Jacquemin et al. (cited supra). 

Alternatively, cell lines which do not produce anti-FVIII antibodies can be 

5 transformed in order to let them express FVIII-specific antibodies, provided that the 
selected cell lines express MHC class II molecules identical to the patients from 
whom T lymphocytes are taken for cloning. Such cell lines can be obtained by first 
immortalizing patients B lymphocytes with the Epstein-Barr virus. In a second step, 
the cell lines are transfomned with an expression vector coding for a FVIil-specific 

10 immunoglobulin. For this purpose, the complete cDNA encoding the heavy and 
light chains of a FVIII specific antibody is cloned using the cDNA obtained from a 
FVIII-specific cell line. Human lymphoblastoid cell lines (Jacquemin et ai. cited 
. supra) or mouse hybridomas (according to Gilles et al. in Blood (1993) 82:2452) 
producing anti-FVIII antibodies can be used as a source of such cDNA. The 

15 introduction of the gene coding for the anti-FVIII antibody can then be canied out 
by transfection or transduction of the target cell. In order to prepare DNA for 
transfection, the complete cDNA encoding the heavy and light chains of the FVIII- 
spedfic antibody is cloned In a eukaryotic expression vector designed for the 
independent expression of two genes from a single plasmid, such as pBudCEA4.0 

20 (available firom Invitrogen, Groningen, The Netherlands). Importantly, the heavy 
chain must contain the transmembrane and intracytoplasmic portions of surface 
immunoglobulin. These portions can be cloned by polymerase chain reaction using 
cDNA of a lymphoblastoid cell line such as B02C1 1 (Jacquemin et al. cited supra) 
by methods well known by those skilled in the art. CHO cells are then transfected 

25 with the expression vector. Microcultures containing cells producing anti-FVIII 
antibodies are then expanded and cloned. Clonal cell lines are then further 
selected for the production of anti-FVIII antibodies. Cell surface expression of the 
anti-FVIII antibody can be detected by labelling the cells with FVIII labelled with 
biotin or a fluorescent dye using techniques well known by those skilled in the art, 

30 as taught e.g. by Cun-ent Protocols in Immunology, Chapter 5, John Wiley & Sons, 
Inc. (1994). 
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Alternatively, the target cell can be transduced with a gene coding for a 
FVIII-specific antibody using a viral vector For example, a full length heavy and 
light chain cDNA, including the cytoplasmic and transmembrane domains, is 
inserted into a linearized retrovirus vector. The plasmid encoding the retroviral 
5 vector and heavy and light chains is then transfected by calcium-phosphate 
precipitation into a packaging cell line. Supematant from virus-producing cells are 
then filtered and tested for the presence of replication competent virus. The target 
cell line (for example a patient's lymphoblastoid cell line immortalized with the 
Epstein-Barr virus) expressing the correct MHC class II molecule is then 

10 transduced either by co-cultivation witii the retrovirus packaging cell line or by 
retroviral supematant infection, as is well known by those skilled in the art, e.g. by 
Moreau-Gaudry et aL in Blood (1995) 85:1449. 

After generating suitable T cell clones, these are then used to map precisely 
the corresponding epitope. The conresponding amino-acid residues are tiien 

15 modified (j.e. mutated and/or deleted) in tiie fulMengtii FVIII molecule by using 
methods well known in tiie art to identify the amlno-acid residues which are critical 
for interaction with T cells. As a quality control measure, tiie resulting FVIII mutant 
molecules are then assessed for reactivity witii a panel of T cell clones directed 
towards the region where the mutation/deletion has been introduced. 

20 The production of antibodies towards soluble antigens requires that the 

antigen is first presented to the immune system in a manner suitable for 
recognition. Specialized cells, called antigen-presenting cells (hereinafter referred 
as ARC) have the function to absorb the antigen, digest it by a combination of 
hydrolytic enzymes before associating the digested antigen fragments with 

25 molecules of the MHC class II complexes. The resulting complexes are then 
migrating to the surface of the cells for presentation to T cells. MHC class II 
complex molecules are constituted of a cleft that is open on both sides, allowing 
peptides of various lengths to bind. Such binding involves usually four or five major 
amino-acid residues that interact directly witii conresponding residues in the MHC 

30 molecule via hydrophobic and electrostatic attractions. The anchoring residues are 
not contiguous but rather located two or tt)ree amino-acids apart. Examples of such 
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anchoring residues can be found e.g. in Hammer et al., J. Exp, Med (1994) 
180:2353-8. Such anchoring residues can to some extent be predicted using 
available algorithms such as Tepitope (Raddrizzani et al.. Briefings in Informatics 
(2000) 1:179-189), but can also be detemiined by in vitro experiments, using for 

5 instance competitive binding assays on soluble MHC molecules as disclosed for 
Instance by Wall etal, J, Immunol. (1994) 152:4526. 

The function of the anchoring residues is to maintain the T cell epitope in a 
fixed confomiation, which is then recognizable by the antigen receptor of a T cell. 
The latter recognizes mostly a confonmation made by both residues of the T cell 

10 epitope, but also by side residues of the MHC molecule. Some degree of flexibility 
exists in the actual amino-acid residues recognized by T cells: limited amino-acid 
substitution can.be carried out yNHh no loss of T cell receptor binding, provided that 
the overall three-dimensional confomiation is maintained. 

The avidity of T ceils for such peptide-MHC class II molecules complex is 

15 relatively low. This is compensated by the recognition of multiple peptides at the 
surface of ttie APC by T cell receptors. The interaction between APC and T cells is 
further reinforced by mutual recognition of a number of complementary surface 
molecules, such as CD40-CD40L, CD80/CD86 and CD28, tiie CD4 molecule, etc. 
Detailed description of these events can be found for instance in Lenschow et al., 

20 Annu. Rev. ImmunoL (1996) 14:233-258 and in Oxenius et al., Adv. Immunol 
(1998) 70:313-367. Following recognition of a peptide, the T cell undergoes a 
number of ac^vation events starting by the phosphorylation of cytoplasmic proteins 
coupled to the T cell receptor. One of the consequences of such activation is the 
production of soluble mediators called interieukins, which participate in the tuning 

25 of B cell functions. 

B cells, by contrast with T cells, recognize the antigen directiy through their 
specific surface immunoglobulins. B cells are the main APC for secondary and 
subsequent immune responses, while professional APC (macrophages or dendritic 
cells) are the main APC for primary responses, when no specific B cells of 

30 sufficient avidity for the antigen are present. Upon re-exposure to the antigen, the 
latter is intemalized by B cells via surface immunoglobulins, which deliver the 
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antigen into the late endosomal compartment for processing and binding to MHC 
class il molecules, much alike professional APC. The cognate interactions between 
specific T cells and the B cell presenting the antigen is followed by activation of the 
T cell, with the aim of providing B cells with the signals necessary for full activation 

5 and maturation into antibody-producing cells. In the absence of such interaction 
between B and T cells, and therefore in the absence of specific T cells, no antibody 
production is elicited. 

Hemophilia A is a hereditary disease characterized by the lack or insufficient 
function of FVIII. Patients suffering from such disease are usually treated by 

10 infusion of purified FVIII obtained by plasma purification or by genetically- 
engineered mammalian cells transfected to produce FVIII. One major complication 
of FVIII infusion if tiie elic'rtati'on of a specific Immune response towards infused 
FVIII. This immune response Includes the production of high-affinity IgG 
antibodies, of which some inhibit the function of FVIII. The production of such 

15 inhibitor antibodies requires the presence of specific T cells, which provide B cells 
with the necessary signals to mature Into antibody-secreting plasmocytes. The 
involvement of T lymphocytes in the development of antibodies against FVIII was 
shown by Singer et al. In Thromb. Haemost (1996) 76:17-22 and by Reding et ai. 
in Thromb. Haemost (2000) 84: 643-52. 

20 A more complete answer to the question of the presence of FVIII-specific T 

cells in haemophilia A patients Is provided by the present invention. Thus, T cell 
clones have been derived from peripheral lymphocytes of a patient suffering froni 
mild haemophilia and with an inhibitor antibody to wild-type FVIII, as described in 
more details in Example 1 below. 

25 Antibodies to FVIII belong to the immunoglobulin-G (IgG) class, witii only 

rare exceptions. Such IgG antibodies are of high affinity, suggesting that their 
production occurs only in a context of help provided by specific T cells. It is indeed 
well known by those skilled in the art that the production of antibodies with high 
affinity to soluble antigens is the result of a T cell driven maturation of the immune 

30 response in the presence of the antigen. A general overview of the mechanisms 
sustaining the production of antibodies can be found in Fanning et al., Clin. 
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ImmunoL ImmunopathoL (1996) 79:1-14. Further evidence for T cell dependency is 
suggested by the observation that a high proportion of anti-FVIII antibodies belong 
to the lgG4 sub-type, the selection of which is known to be strictly T cell 
dependent. 

5 Taken together, these data provide evidence that the production of anti-FVIII 

antibodies is dependent on the presence of FVIII-specific T cells and therefore that 
preventing or switching off specific T cell activation will with high probability result 
in prevention or suppression of the production of anti-FVIII antibodies. 

Since FVIil is a molecule of high molecular weight, the number of possible T 

10 cell epitopes is large. This renders the identification of pathogenic epitopes, namely 
the epitopes that activate T cells participating with B cells in the production of 
inhibitory antibodies, rather elusive. This is well illustrated by the findings of Reding 
et al. (cited supra), who identified a large number of peptides scattered over the 
entire length of FVIII and able to adivate T cells. The present inventors have now 

15 discovered a method suitable to identify relevant, pathogenic T cell epitopes, 
comprising deriving conresponding T cells from the blood of patients with 
haemophilia A developing an immune response towards exogenous FVill. In the 
following examples, the effiectiveness of the method of the invention is 
demonstrated by using cells from patients with mild/moderate fomis of haemophilia 

20 A recognizing only exogenous FVIII, however the method can be applied to any 
patient developing anti-FVIII antibodies. 

FVIII is a nomrial constituent of the coagulation pathway and as such 
belongs to self proteins. In order to prevent the emergence of an immune response 
against self-constituents and auto-immun'rty, nature has developed highly efficient 

25 means by which the immune system is depleted of cells (B and T lymphocytes) 
with reactivity towards self components. Thus, one of the functions of the thymus is 
to select and sort out the T cell repertoire so as to eliminate T cells reacting against 
self proteins. Detailed description of the different mechanisms at play in the thymus 
can be read e.g. in Plum et a!.. Ann. NY Acad. ScL (2000) 917: 724-731. 

30 T cell epitopes are organized according to a hierarchy including major, 

minor and cryptic epitopes. Cryptic epitopes are not processed and presented to T 
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cells when the fulWength protein is used. Such cryptic epitopes can however be 
detected when peptides from the protein are used instead. Under such conditions, 
peptides can be efficiently processed and therefore presented by APC to T cells. 
Because of lack of presentation in the thymus during the selection of the T cell 
5 repertoire, T cells recognizing cryptic epitopes are not eliminated and can be found 
in the periphery. Hence, peripheral blood T cells can be found which proliferate 
when presented with peptides of the corresponding proteins (see Reding et a!., 
crted supra). Major and minor T cell epitopes are presented during thymus 
selection, which results in the elimination of connesponding T cells. 

10 In mild/moderate hemophilia A, patients have significant levels of circulating 

FVIII. This FVill is almost identical to v^'ld-type FVIII, except for the region where 
the mutation/deletion is located. Thymus selection in such patients is therefore 
operating nomially for all T cells reacting towards major and minor detenninants, 
except for those determinants that are altered by the mutation/deletion itself. Such 

15 patients tiierefore risk developing an immune response to FVIII when exposed to 
nomnal v^ld-type FVIII used for replacement therapy. The immune response is then 
directed only to wild-type FVIII and not towards the patient's self-FVIII. 

The mutation/deletion occuning in the FVIII gene in mild/moderate 
hemophilia A patients can be easily identified by those skilled in tiie art Methods to 

20 carry out such identification can be found in Higuchi, Pmc. Nat Acad. ScL (1991) 
88:8307-8311. When an immune response develops towards wild-type FVIII in 
mild/moderate hemophilia A patients, it should be primarily directed towards the 
region of FVIII containing tiie mutation/deletion. If tiie plasma contains anti-FVIII 
antibodies, the peripheral blood of such patients should contain FVIII-specific T 

25 cells which activate FVIII-specrfic B cells to produce anti-FVIII antibodies. 

FVIII-specific T cells from mild/moderate hemophilia A patients having 
inhibitory antibodies towards wild-type FVIII therefore represent a unique source of 
material to select pathogenic T cells. Such T cells can be expanded and cloned by 
techniques well-known in the art, and which are described in more details in 

30 Example 1 below. T cell clones can be used to detemiine the precise epitope 
recognized and identify amino-ackJ residues involved in either MHC class II 
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anchoring or T cell receptor recognition. This can be earned out using methods 
such as T cell activation with series of peptides with sequence varying by only one 
amino-acid at a tinne from the wild-type sequence. The basic principles of these 
methods are known in the art and are illustrated in Example 2 below. In addition, 

5 residues binding to MHC class II molecules can be identified using purified MHC 
molecules of different haplotypes and inhibition of binding assays, as reported by 
Wall et al. (cited supra). 

Amino-acid residues involved in the binding of the T cell epitope in MHC 
class II molecules are then mutated/deleted in the cDNA coding for FVIII. 

10 Mammalian cells such as Chinese Hamster Ovary (CHO) cells or Baby Hamster 
Kidney (BHK) cells are then transfected with mutated/deleted cDNA for production 
of a new mutated FVIII molecule. The latter is then tested for lack of activation of T 
cell clones and for the presence of co-factor activity in the coagulation cascade. 
Methods to introduce a mutation or delete DNA base pairs are well known in the 

15 art, as well as methods used to transfect mammalian cells and to produce 
recombinant FVIII molecules. Such methods can be found in general methodology 
reviews such as Current Protocols in Molecular Biology and Cunent Protocols in 
Protein Science (Wiley & Sons, Inc.). Example 2 below provides further details on 
such methods. The functional activity of the resulting modified FVIII molecule is 

20 then tested in either coagulation assays or chromogenic assays as described by 
Jacquemin et al. in Blood (2000) 96:958. Particularly prefenned are mutations which 
do not disturb three-dimensional stmcture of the protein sufficiently to create a new 
binding site for antibodies. This may be described as a "conservative substitution". 
Reduced immunogenicity of the modified FVIII molecules of the present 

25 Invention can be assessed in different systems. For example, an immunodeficient 
mouse strain can be used, the immune system of which is reconstituted with 
immunocompetent cells of human origin. Thus, severe combined 
immunodeficiency mice (hereinafter refenned as SCID) can be reconstituted by 
intraperitoneal injection of peripheral blood lymphocytes of a haemophilia A patient 

30 presenting with an inhibitor. Such lymphocytes include immunocompetent B cells 
for antibody production and T cells to provide the necessary help to B cells in the 
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production of anti-FVIll inhibitory antibodies. Series of mice can be reconstituted 
with cells of a single donor. Some of such mice are then immunized with wild-type 
FVIII, against which the patient Is producing inhibitor antibodies, which results in 
the production of inhibitor antibodies. These can be detected by standard inhibition 
5 of coagulation assays well known in the art. Another group of mice is immunized 
with the newly produced mutated FVIII molecule. In such case, it can be 
demonstrated whether a reduced response or no antibody response is elicited. 
Methods for the use of SCID mice are readily available, for instance from 
Vanzieleghem et al., Thrvmb^. Haemost (2000) 83:833-9, 

10 The invention also provides a method by which T cell epitopes can t>e 

identified in other proteins of the coagulation cascade which are known to elicit 
immune responses altering the normal physiological activity of such protein. One 
particular example of such protein is FIX. Antibodies to FIX have been described in 
patients suffering from hemophilia B, which is due to a lack or insufficient function 

15 of FIX, as disclosed by Lusher in Semin. Thromb. Haemost (2000) 26:179. The 
latter is an enzyme which activates fector X in the coagulation cascade. The 
Invention tiierefbre further provides a method, along the lines disclosed herein- 
above, to produce new recombinant FIX molecules for replacement therapy in 
patients suffering from hemophilia B. 

20 The invention further provides a method to identify pathogenic T cell 

epitopes in other blood coagulation proteins such as fector X, factor V, factor VII, 
protein S and protein C. Antibodies inhibiting the function of such proteins have 
been described in Kunkel, HematoL Oncol. Clin. North Am. (1992) 6:1341-1357. 
As previously indicated, the recombinant human proteins and expression 

25 vectors of the invention are useful as therapeutically active ingredients for the 
manufacture of phamiaceutical compositions comprising the same and further 
comprising at least one pharmaceutically acceptable carrier. The ternn 
"pharmaceutically acceptable canier" as used herein means any material or 
substance with which the active ingredient is fomiulated in order to facilitate its 

30 application or dissemination to the locus to be treated, for instance by dissolving, 
dispersing or diffusing the said composition, and/or to facilitate its storage, 
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transport or handling without impairing its effectiveness. The phamnaceutically 
acceptable carrier may be a solid or a liquid or a gas which has been compressed 
to fomi a liquid, i.e. the compositions of this invention can suitably be used as 
concentrates, emulsions, solutions, granulates, dusts, sprays, aerosols, 
5 suspensions, ointments, creams, tablets, pellets or powders. 

Suitable pharmaceutical earners for use in the said pharmaceutical 
compositions and their fomiulation are well known to those skilled in the art, and 
there is no particular restriction to their selection within the present invention. In 
particular, they include other human proteins, e.g. human serum albumin, as 

10 described for example in Remington's Pharmaceutical Sciences by E.W. Martin. 

The pharmaceutical compositions of the invention may also include other 
additives such as wetting agents, dispersing agents, stickers, adhesives, 
emulsifying agents, solvents, coatings, antibacterial and antifungal agents (for 
example phenol, sorbic acid, chlorobutanol), isotonic agents (such as sugars or 

15 sodium chloride) and the like, provided the same are consistent witii 
phamnaceutical practice, i.e. caniers and additives which do not create pemnanent 
damage to mammals, in particular to humans. The phamnaceutical compositions of 
the present invention may be prepared In any known manner, for instance by 
homogeneously mixing, coating and/or grinding the active ingredient, in a one-step 

20 or multi-steps procedure, with the selected canier material and, v^ere appropriate, 
the other additives such as surface-active agents. They may also be prepared by 
micronization, for instance in view to obtain them in the form of microspheres 
usually having a diameter of about 1 to 10 pm. namely for the manufacture of 
microcapsules for controlled or sustained release of the active ingredients. 

25 Suitable surface-active agents to be used in the pharmaceutical 

compositions of the present invention are non-ionic, cationic and/or anionic 
materials having good emulsifying, dispersing and/or wetting properties. Suitable 
anionic surfactants include both water-soluble soaps and water-soluble synthetic 
surface-active agents. Suitable soaps are alkaline or alkaline-earOi metal salts, 

30 unsubstituted or substituted ammonium salts of higher fatty acids (C^trOzz), e.g. 
the sodium or potassium salts of oleic or stearic acid, or of natural fatty acid 
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mixtures obtainable form coconut oil or tallow oil. Synthetic surfactants include 
sodium or calcium salts of polyacrylic acids; fatty sulphonates and sulphates; 
sulphonated benzimidazole derivatives and alkylaryisulphonates. Fatty 
sulphonates or sulphates are usually in the form of alkaline or alkaline-earth metal 
5 salts, unsubstituted ammonium salts or ammonium salts substituted with an alkyi 
or acyl radical having from 8 to 22 carbon atoms, e.g. the sodium or calcium salt of 
lignosulphonic acid or dodecylsulphonic acid or a mixture of fatty alcohol sulphates 
obtained from natural fatty acids, alkaline or alkaline-earth metal salts of sulphuric 
or sulphonic acid esters (such as sodium lauryl sulphate) and sulphonic acids of 

10 fatty alcohol/ethylene oxide adducts. Suitable sulphonated benzimidazole 
derivatives preferably contain 8 to 22 cartx>n atoms. Examples of 
alkylaryisulphonates are the sodium, calcium or alcanolamine salts of 
dodecytbenzene sulphonic acid or dfbutyl-naphtalenesulphonic acid or a 
naphtalene-sulphonic acid/fomnaldehyde condensation product. Also suitable are 

15 the conesponding phosphates, e.g. salts of phosphoric acid ester and an adduct 
of p-nonylphenol wtth ethylene and/or propylene oxide, or phospholipids. Suitable 
phospholipids for this purpose are the natural (originating from animal or plant 
cells) or synthetic phospholipids of the cephalin or lecithin type such as e.g. 
phosphatidylethanolamine, phosphatidylserine, phosphata'dylglycerine, lysolecithin, 

20 cardiolipin, dioctanylphosphatidyl-choline, dipalmitoylphoshatidyl -choline and their 
mixtures. 

Suitable non-ionic surfactants include polyethoxylated and polypropoxylated 
derivatives of alkylphenols, fatty alcohols, fatty acids, aliphatic amines or amides 
containing at least 12 carbon atoms in the molecule, alkylarenesulphonates and 

25 dialkylsulphosuccinates, such as polyglycol ether derivatives of aliphatic and 
cycloaliphatic alcohols, saturated and unsaturated fatty acids and alkylphenols, 
said derivatives preferably containing 3 to 10 glycol ether groups and 8 to 20 
cartoon atoms in the (aliphatic) hydrocariDon moiety and 6 to 18 carbon atoms in the 
alkyI moiety of the alkylphenol. Further suitable non-ionic surfactants are water- 

30 soluble adducts of polyethylene oxide with poylypropylene glycol, 
ettiylenediaminopolypropylene glycol containing 1 to 10 carbon atoms in the alkyI 
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chain, which adducts contain 20 to 250 ethyleneglycol ether groups and/or 10 to 
100 propyleneglycol ether groups. Such compounds usually contain from 1 to 5 
ethylenegtycol units per propyleneglycol unit. Representative examples of non- 
ionic surfactants are nonylphenol -polyethoxyethanol, castor oil polyglycolic ethers, 
5 polypropylene/polyethylene oxide adducts, tributylphenoxypolyethoxyethanol, 
polyethyleneglycol and octylphenoxypolyethoxyethanol. Fatty acid esters of 
polyethylene sorbitan (such as polyoxyethylene sorbitan trioleate), glycerol, 
sorbitan, sucrose and pentaerythritol are also suitable non-ionic surfactants. 

Suitable cationic surfactants include quaternary ammonium salts, preferably 

10 halides, having 4 hydrocarbon radicals optionally substituted with halo, phenyl, 
substituted phenyl or hydroxy; for instance quatemary ammonium salts containing 
as N-substituent at least one C8-C22 alkyi radical (e.g. cetyl, lauryl, palmityl, 
myristyl, oleyl and the like) and, as further substituents, unsubstituted or 
halogenated lower alkyI, benzyl and/or hydroxy-lower alkyI radicals. 

15 A more detailed description of surface-active agents suitable for this 

purpose may be found for instance in "McCutcheon's Detergents and Emulsifiers 
Annual" (MC Publishing Corp., Ridgewood, New Jersey, 1981), Tensid- 
Taschenbudi", 2"^ ed. (Hanser Verlag, Vienna, 1981) and "Encyclopaedia of 
Surfectants (Chemical Publishing Co., New Yoric, 1981). 

20 Pharmaceutical forms suitable for injectionable use include sterile aqueous 
solutions or dispersions and sterile powders for the extemporaneous preparation 
thereof. Typical carriers for this purpose therefore include biocompatible aqueous 
buffers, etiianol, glycerol, propylene glycol, polyethylene glycol and the like, and 
mixtures thereof. 

25 The present invention also provides the use of a human recombinant protein as 
a medicament. When the said protein is a blood coagulation factor, it is preferably 
used for preventing and/or treating disorders of hemostasis, in particular, 
coagulation disorders and other thrombotic pathologic conditions in mammals, 
preferably in humans. When the said protein is not a blood coagulation factor, but a 

30 protein involved in another biological process such as disclosed herein-above, it 
may be used for the treatment or prevention of diseases, a non-exhaustive list of 
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which was given herein-before in cx)nnection with examples of relevant proteins. 
The said recombinant protein may be provided to a patient by any means well 
known in the art, i.e. orally, intranasally, subcutaneously, intramuscularly, 
intradermally, intravenously, intraarterially, parenterally or by catheterization. The 
5 administration can be for prolonged periods, such as chronic adminstration and/or 
repetitive adminstration. The said modified protein can be used for treatment of 
patients with a deficiency in the wild type protein and wherein administration of the 
wild type protein causes side effects such as anaphylactic shock as is known for 
e.g. with Factor iX. 

10 As an example, when human FVIIi is the protein involved, the recombinant 
protein of the invention will usually be administered intravenously, in an amount of 
40 units (1 unit FVIII being defined as the amount of FVIII present in 1 ml of a pool 
of plasma of nonmal individuals) per kg body weight of the patient for pre-operative 
indications, 15 to 20 units per kg body weight for minor bleeding episodes, and 20 

IS to 40 units per kg body weight every day for maintenance dose or prophylaxis. For 
the treatment of patients who develop inhibitors to FVIII, doses up to 200 units per 
kg body weight may be administered twice a day. 

The follo>Anng examples are provided for the purpose of illustrating the FVIII 
embodiment of the present invention and should in no way be understood as 

20 limiting the scope of this invention which, as previously indicated, is widely 
applicable to a broad range of proteins, including blood coagulation factors. 
EXAMPLE 1 - Determination of the T cell eoitope recognised by FVIII-specific T 
cell clones . 

A) expansion of FVIII-specrfic oligoclonal T cell lines 

25 Peripheral blood mononuclear cells (PBMC) are purified by Lymphoprep density 
gradient centrifugation (available from Nycomed Pharma). In order to generate 
autologous dendritic cells, PBMC are depleted from T lymphocytes using CD4 and 
CDS MicroBeads (available from Miltenyi Biotech), following the manufacturer's 
recommendations. The negatively selected cells were incubated for two hours at 

30 37^*0 in culture flasks (Falcon) at a density of 2 x 10^ cells/ml in Roswell Park 
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Memorial Institute (hereinafter referred as RPMI) 1640 medium supplemented with 
0.24 mM L-asparagine, 0.55 mM L-arginine, 1.5 mM L-glutamine and 1% 
autologous plasma previously heated at 56**C for 30 minutes, according to 
methods well known by those skilled in the art (e.g. Chaux et al. in J. Exp, Med. 
5 (1999) 189:767). Non-adherent cells are frozen in liquid nitrogen and used as a 
source of B lymphocytes. Adherent cells are cultured in the presence of interleukin- 
4 (hereinafter IL-4) (100 U/ml) and granulocyte macrophage-colony stimulating 
factor (hereinafter refenred as GM-CSF) (100 ng/ml) in RPMI-1% autologous 
semm. Half of the medium was replaced on day 2 and day 4 with fresh medium 

10 plus interieukins. 

On day 5, autologous dendritic cells were incubated at 37''C, 5% CO2 for 18 
hours in RPMI-1% autologous serum supplemented with IL-4 (100 u/ml), GM-CSF 
(100 ng/ml), and tumor necrosis factor-alpha (hereinafter TNF-a) (1 ng/ml) in the 
presence of 20 pg/ml plasma-derived or recombinant FVIII. Cells were washed and 

IS added at 10^ per well to 10^ CDA^ lymphocytes (Isolated using CD4 MicroBeads 
as above) In 200 pi Iscove's modified Dulbecco's medium (hereinafter IMDM) 
(available from Gibco BRL) supplemented with 0.24 mM L-asparagine, 0.55 mM L- 
arglnine, 1.5 mM L-glutamine and 10% human serum in the presence of IL-6 
(1.000 U/ml) and IL-12 (10 ng/ml). The CD4+ lymphocytes were re-stimulated on 

20 day 7, day 14 and day 21 with autologous dendritic cells freshly loaded with FVIII 
• and were grown in IMDM-10% human semm supplemented with IL-2 (10 U/ml) and 

IL-7 (5 ng/ml). The cells containing proliferating CD4'*' T cells were assessed on 
day 35 for the presence of FVIII-specific T cells. 
B) detection of FVIII-soecific oliqoclonal T cells by IFN-v production 
25 Autologous Epstein-Barr virus immortalized B cells were incubated for 18 

hours in tiie presence of 20 pg/ml of plasma-derived FVIII. FVIII-pulsed 
lymphoblastoid cells were washed and incubated at 5,000 per well in round 
bottomed microculture plates with 5,000 CD4'*' T cells in IMDM-10% human serum 
supplemented with IL-2 (25 U/ml). After 20 hours, the supematants were collected 
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and interferon-gamma (hereinafter IFN-y) in the supernatant was measured by an 
ELISA assay using reagents from Medgenix Diagnostics Biosource. 

C) Isolation of CD4+ T cell clones 

The cell lines that recognized cells loaded with FVIII were cloned by limiting 
dilution, using as stimulating cells FVIII-specrfic autologous lymphoblastoid cells 
(from the cell line KRIX 1 deposited with the Belgian Coordinated Collections of 
Micro-organisms under accession number LMBP 5089CB) loaded with FVIII by 
incubation for 18 hours in the presence of 20 pg/ml FVIII. Allogeneic cells were 
added as feeders cells. Established clonal CD4'^ T cell lines were then grown in 
complete IMDM-10% human serum supplemented with IL-.2 (50 U/ml). IL-7 (5 
ng/ml) and 0.5 pg/ml phytohemagglutinin (HA 16, available from Murex 
Diagnostics) according to well known methods (e.g. Chaux et al.. cited supm). 
Using these methods, two T cell clones, named hereinafter 83:6 and D9:E9, were 
isolated. 

The cell line D9:E9 was deposited by Dr, Marc Jacquemin (Center for Molecular 
and Vascular Biology, Herestraat 49, 3000 Leuven, Belgium) on April 25, 2002 at 
the Belgian Coordinated Collections of Microorganisms (BCCM), LMBP (plasmid 
collection, Laboratorium voor Moleculaire Biologie, Universiteit, K.L. 
Ledeganckstraat 35, 9000 Gent, Belgium) with Accession Number LMBP 5850CB. 
The cells were assayed as being viable on May 17, 2002. 

D) characterization of T cell clones 

The procedure of paragraph 1-B above was repeated. As shown in Figure 1, 
when three T cell clones are incubated with autologous lymphoblastoid cell lines 
expressing FVIII-specific surface immunoglobulin (KRIX 1) and loaded with FVIII, 
high amounts of IFN-y (1,200-1.600 pg/ml) are detected in culture supernatant 
This response is specific for FVIII as indicated by the 10-times lower production of 
IFN-y in the absence of FVIII. Similar results were obtained with recombinant FVIII, 
indicating that T cells were specific for FVIII and not for other contaminant proteins 
present in FVIII concentrates purified from plasma. 
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In order to determine the location of the T cell epitopes in the FVIII 
molecule, T cells are incubated with recombinant fragments con-esponding to 
different domains of the FVIII molecule and produced in E.Co// according to 
Jacquemin et al. in Blood (1998) 92:496-506. As shown in Figure 2, only the native 

5 C1 domain induces secretion of IFN-y by the two T cell clones. No IFN-y secretion 
is induced using the C2 domain (Figure 2) or other recombinant fragments 
corresponding to the A1, A2 or A3 domains (data not shown). The C1 domain 
carrying substitution Arg2150 -> His does not stimulate IFN-y production by B3:6. 
However IFN-y is produced following incubation with D9 :E9, although IFN-y 

10 concentration remains lower than with the native CI domain. These data 
demonstrate that substitution of Arg2150 by His eliminates a T cell epitope 
recognized by B3:6 but only partially alters the epitope recognized by the T cell 
clone D9:E9. These data suggest that the T cell epitopes recognized by the two T 
cell clones are located in the CI domain and that they include amino-acid residue 

15 2150. 

E) mapping of the T cell epitopes using T cell clones and synthetic peptides 

The T cell epitope is further defined using synthetic peptides encompassing 
residue 2150. As shown in Figure 3, a peptide encompassing residues 2144-2161 
stimulates the T cell clones B3:6 and D9:E9. The epitope specificity of the T cell 
20 clones is further defined using shorter synthetic peptides. A peptide encompassing 
residues 2148-2161 stimulates 83:6, but not D9:E9, indicating thattiie specificity of 
the latter is different. The synthetic peptide encompassing residues 2144-2158 also 
stimulates both T cell clones, as shown in Figure 3. 

F) Comparison of FVIII-specific and non FVIII-specific Ivmohoblastoid cell lines as 
25 antigen-presenting cells 

FVIII-specific B cell lines are used as antigen-presenting cells during cloning 
of FVIII-specific T cells. This significantiy differs from previously published methods 
(e.g. Chaux et al. cited supra) known to generate specific T cell clones directed 
toward proteins other than FVIII, in which non-specific autologous antigen- 
30 presenting cells were used. Prior art indeed indicates that an antibody can alter 
antigen processing, particularly when the antibody is directed towards a region tiiat 
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also contains a T cell epitope. Synthetic peptides were efficiently presented by 
FVIIi-specrfic and non-specrfic lymphoblastoic cell lines, as shown by figure 4, 
which indicated that these cells expressed the correct MHC class II molecules. 
These unexpected results indicated that FVIII-specrfic cell lines should preferably 
5 be used to generate and clone FVIII-specific T cells when the epitope of the T cell 
clone is unknown and complete FVIII molecule must be used an antigen. 
EXAMPLE 2 - identification of substitutions altering T cell epitopes 

The activation of the T cell clones by the wild type FVIII peptide 2144-2161 
was compared with activation in the presence of the synthetic peptide 2144-2161 

10 carrying the substitution of arginine by histidine at residue 2150. No production of 
IFN-y was detected when the T cell clone B3:6 was stimulated with the said 
synthetic peptide. The T cell clone D9:Eg produced a significant amount of IFN-y 
following stimulation v^th the mutated peptide, although the response was reduced 
by comparison to that observed with the wild type peptide, as shown in figure 5. 

15 The fact that substitution Arg2150His completely prevents activation of T cell clone 
B3:6 but only partially that of clone D9:E9 is in agreement with tiie observation that 
these two T cell clones recognize different epitopes, as already shown in figure 3. 
It also indicates that a FVIII molecule canrying this substitution will have a 
significant, but only partial, antigenicity for haemophilia A patients T cells. This 

20 observation is also in agreement witii the observation that several patients canying 
the substitution Arg2150His who developed an immune response towards 
exogeneous FVIII also develop an immune response towards their own FVIII 
according to Santagostino et al., Thromb, Haemost (1995) 74:619. 

Similarly, the analysis of other synthetic peptides carrying point mutations 

25 indicates that substitution Thr2154lle prevents recognition by B3:6 but not by 
D9:E9 (as shown in figure 5), also in agreement with the observation that tiiese two 
T cell clones recognize different epitopes. Unexpectedly, tiie substitution 
Pro2153Gln completely prevents recognition by both T cell clones (as shown in 
figure 5). Similar results are obtained using a recombinant FVIII molecule canying 

30 the substitution Pro2153GIn. 
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Interestingly, analysis of the activity of a FVIII molecule carrying the 
substitution Pro2153Gln indicates that its pro-coagulant activity is close to nonnal, 
as shown below. 

These observations indicate that FVIII molecules carrying the substitution 
s Pro2153Gln have a completely abrogated antigenicity with regards to the T cell 
clones B3:6 and D9:Eg. 

Given the T-cell dependency of the development of humoral response 
towards FVIII, the administration of such a mutated FVill molecule to haemophilia 
A patients will result in a reduced propensity to develop such a humoral response. 
10 EXAMPLE 3 - production and characterization of recombinant mutated FVIIL 

A) plasmid mutagenesis 

Mutagenesis is perfomned within a mammalian expression vector coding for 
the FVill cONA, according to Vehar et al. in Nature (1984) 312:337. Also suitable 
for this purpose is the vector encoding the B domain-less FVIII cDNA according to 

15 Lind et al., Eur. J. Biochem. (1995) 232:19-27. Mutant plasmids are generated 
through oligonucleotide site-directed mutagenesis utilizing the polymerase chain 
reaction in accordance with Jacquemin et al. in Blood (2000) 92:496. Codon No. 
2150 was mutated from CGT to CAT, predicting an arginine to histidine amino-acid 
change. Codon No. 2153 was mutated from CCA to CAA, predicting an amino acid 

20. change from Pro to Gin. Codon No. 2201 was deleted. All mutated cDNAs are 
controlled by sequencing in both directions using a Genetic Analyzer 3.10 from 
Perkin Elmer. 

B) Chinese hamster ovarv (OHO) cell transfection 

In order to establish cell lines expressing wild-type or mutant FVIII, CHO 
25 cells are transfected with plasmid encoding wild-type or mutated FVIII using 
FUGENE 6 (Boehringer Mannheim, Brussels, Belgium) according to the 
manufacturer's instructions. 

C) FVIII production bv transfected CHO cells 

Briefly, CHO cells (8 x 10^ cells/Well) were seeded in 6-well plates (Life 
30 Technologies) using minimal essential medium alpha (hereinafter MEM-a, 
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available from Life Technologies Ltd., Paisley, United Kingdom) supplemented with 
10% fetal calf semm (hereinafter FCS). After 24 hours incubation, a transfection 
mixture of 0.5 |jg DNA in 10 pi of tris-ethylenediamine tetraacetic acid (EDTA), 100 
pi OPTIMEM and 2 pi FUGENE® 6 (available from Roche) was applied to the 
5 cells. After 48 hours, the cells were washed twice with MEM-o and the culture 
medium was replaced by MEM-a supplemented with Nutridoma-CS® (Boehringer 
Mannheim, Gemiany) and 3 mM sodium butyrate. After 16 hours, the conditioned 
medium was harvested, centrifiiged to remove cell debris and assayed for FVIil 
activity. The cell lines producing the highest FVIil amounts are expanded and sub- 

10 cloned twice. 

D) evaluation of the soecrfic activitv of the FVIH molecule 

The cofactor activity of recombinant FVIII molecules is evaluated using the 
FVIII chromogenic assay available from Dade AG (Switzerland) according to the 
manufacturer's recommendations. In this assay, thrombin-activated FVIII 

IS accelerates the conversion of factor X into ^ctor Xa in the presence of factor IXa, 
phosppholipids (hereinafter PL) and calcium ions; factor Xa activity is then 
assessed by hydrolysis of a p-nitroanilide substrate. Reagents, which were 
reconstituted according to the manufecturer's instruction, comprised bovine factor 
X (1 mM), factor IXa (0.3 mM) and thrombin (0.3 mM); CaCl2 (30 mM), PL (60 

20 mM), a chromogenic factor Xa substrate (CH30CO-D-CHG-gly-Arg-pNA;AcOH; 
3.4 mM) and a thrombin inhibitor (L-amidinophenylalanine piperidine) according to 
Jacquemin et al. in Blood (1998) 92:496. 

Plasma FVIII antigen levels were measured in ELISA using the Immunozym 
FVIIIiAg® test (available from Immune AG, Vienna, Austria) following the 

25 manufacturer's recommendations. Recombinant FVill antigen levels were also 
measured in ELISA according to published methods, using monoclonal antibodies 
F4H12 or F15B12 recognizing the Al or A2 domain of FVIII respectively, as 
capture antibodies. Bound FVIII was detected by the addition of a mixture of 
monoclonal antibodies 13, F8D6, F29A1 and F14A12, according to Jacquemin et 

30 al., Blood (2000) 96:962. 
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The FVIII specific activity is calculated as indicated before under the 
heading "Definitions". Dysfunctional FVIII molecules with specific activity as low as 
0.01 were reported for FVIII variants, also called cross-reactive material positive 
FVIII in order to emphasize the disparity between the amount of FVIII protein and 
5 the level of FVIII functional activity, by Pemberton et al. in Blood (1997) 89:2413. 
Interestingly, the substitution Pro2153Gln results in a FVIII molecule with a specific 
activity close to nomial. Similariy, we demonstrated that deletion of a single amino- 
add residue, such as amino-acid 2201 in the FVIII C2 domain resulted In a FVIII 
molecule with a specific activity close to 1. This result is quite unexpected because 

10 this residue is located close to residues 2199 and 2200 which are known to 
mediate FVIII binding to phospholipids, an essential feature of FVIII, according to 
Pratt et al. in Nature (2000) 402:439-42. 

Deletion of a single amino-acid residue, even in a region important for FVIII 
functional activity such as the C2 domain where this residue is located, can 

15 therefore be considered as a suitable alternative to the substitution of a defined 
residue. The surprising observations made with the Pro2153Gln substituted FVIII 
molecule indicate that it is possible to produce recombinant FVIII molecules which 
are not recognized by all T cell clones available so far while preserving a FVIII 
activity sufficient to guarantee haemostasis. Accordingly, these FVIII molecules are 

20 less immunogenic because T cell clones recognizing this epitope will riot be 
activated following administration. 
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CLAIMS 

1. A recombinant modified functional polypeptide which exerts at least one 
function of a mammalian protein and which eliminates or reduces by at least 

5 about 80%, with respect to activation by the unmodified polypeptide, the 
activation of at least one T-cell clone derived from a mammal with antibody 
against the said unmodified polypeptide, the said recombinant modified 
functional polypeptide having in vitro a specific activity higher than 0.1, for use 
as a medicament, said fiintional polypeptide being selected from polypeptides 

10 involved in blood coagulation, polypeptides involved in diseases of the immune 
system, polypeptides involved in metabolic disorders, polypeptides involved in 
diseases of the musculature, polypeptides involved in diseases of the nervous 
system and polypeptides involved in diseases caused by a dysfunction of cell 
signalling orti^nsporter proteins. 

15 

2. A recombinant multiple point-mutated functional polypeptide which exerts at 
least one function of a mammalian protein and which eliminates or reduces by 
at least about 80%, v\ritii respect to activation by ttie unmodified polypeptide, 
the activation of at least one T-cell clone derived from a mammal with antibody 

20 against flie said unmodified polypeptide, the said recombinant modified 
functional polypeptide having in \ntm a specific activity higher tiian 0.1, said 
funtional polypeptide being selected from polypeptides involved in blood 
coagulation, polypeptides involved in diseases of the immune system, 
polypeptides involved in metabolic disorders, polypeptides involved in diseases 

25 ' of the musculature, polypeptides involved in diseases of the nervous system 
and polypeptides involved in diseases caused by a dysfunction of cell signalling 
or transporter proteins. 

3. A recombinant multiple point-mutated functional polypeptide according to claim 
30 2, wherein the multiple point-mutations include (i) at least one point-mutation 

responsible for T-cell activation reduction or elimination and (ii) at least one 
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substitution of at least one other amino-acid residue resulting from an exonic 
polymorphism of the gene encoding the unmodified polypeptide. 

4. A recombinant multiple point-mutated functional polypeptide according to claim 
5 3. wherein the pointHnutation (i) does not induce a conformational change of 

the unmodified polypeptide. 

5. A recombinant multiple point-mutated functional polypeptide according to claim 
3 or claim 4, wherein the amino-add residue substitution (ii) does not influence 

10 ttie biological activity of the said recombinant polypeptide. 

6. A recombinant multiple point-mutated functional polypeptide according to any of 
claims 3 to 5. wherein the amino-acid residue substitution (ii) does not induce 
the raising of antibodies against the said recombinant polypeptide. 

15 

7. A recombinant multiple point-mutated functional polypeptide according to any of 
claims 3 to 5, wherein the amino-acid residue substitution (ii) induces the 
raising of antibodies against the said recombinant polypeptide which do not 
affect its biological activity. 

20 

8. A recombinant multiple point-mutated functional polypeptide according to any of 
claims 2 to 7, for use as a medicament. 

9. A recombinant functional polypeptide according to any of claims 1 to 8, for 
25 repetitive , i.e. chronic, administration to a human. 

10. A recombinant functional polypeptide according to any of claims 1 to 9, for 
administration to a human without causing the side effects (e.g. anaphylactic 
shock) of the unmodified polypeptide. 

30 



I 
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11. A recombinant functional polypeptide according to any of claims 1 to 10, for 
administration to a human without eliciting antibodies affecting the biological 
activity of the said recombinant functional polypeptide. 

5 12. A recombinant functional polypeptide according to any of claims 1 to 11, 
wherein the T cell clone is derived from a human. 

13. A recombinant functional polypeptide according to claim 12 wherein the cell 
clone is the T cell clonal cell line D9:E9 deposited at BCCM with Accession 

10 Number LMBP 5850CB. 

14. A recombinant functional polypeptide according to any of claims 1 to 13, 
wherein the said unmodified polypeptide is a coagulation factor. 

15 15. A recombinant functional polypeptide according to any of claims 1 to 14, for 
treating a thrombotic disorder. 

16. A recombinant functional polypeptide according to any of claims 1 to 15, 
wherein the said unmodified polypeptide exerts the activity of a factor Vlli 

20 molecule. 

17. A recombinant functional polypeptide according to claim 16, for treating 
haemophilia A. 

25 18. A recombinant functional polypeptide according to claim 16 or claim 17, being a 
multiple point-mutated polypeptide derived from the unmodified factor VIII 
molecule by including (i) one point-mutation responsible for T-cell activation 
reduction or elimination and (ii) at least one substitution of at least one other 
amino-acid residue resulting from an exonic polymorphism of the gene 

30 encoding the unmodified factor VIII molecule. 
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19. A recombinant functional polypeptide according to claim 18, wherein the point- 
mutation (i) does not induce a conformational change of the unmodified 
polypeptide. 

5 20. A recombinant functional polypeptide according to claim 18 or claim 19, 
wherein the point mutation (I) lies in the light chain of the factor VIII molecule. 

21. A recombinant functional polypeptide according to any of claims 18 to 20, 
wherein the point mutation (i) is in the CI domain of the factor VIII molecule. 

10 

22. A recombinant functional polypeptide according to any of claims 18 to 21, 
wherein the point mutation (i) is in the region between residues 2144 and 2161 
of the factor VIII molecule. 

15 23. A recombinant functional polypeptide according to any of claims 18 to 22, 
wherein the point-mutation (i) is a Pro2153Gln substitution. 

24. A recombinant functional polypeptide according to any of claims 18 to 23, 
wherein the amino-acid residue substitution (ii) is selected from the group 

20 consisting of Asp56Val, Asp1241Glu, Leu1462Pro, Val2223Met and 
Met2238Val. 

25. A recombinant functional polypeptide according to claim 16 or claim 17, being 
human Factor VIII with the substitution P2153Q as presented in SEQ ID 

25 N0:13. 

26. A DNA nucleotide sequence presented in SEQ ID NO: 18 encoding the 
polypeptide of claim 25. 

30 27. A recombinant functional polypeptide according to claim 16 or claim 17, which 
eliminates or reduces by at least about 80%, with respect to activation by the 



wo 02/098454 



PCT/BE02/00088 



40 

unmodified polypeptide, the activation of at least two T-cell clones selected 
from the repertoire of T-cell clones of patients with mild haemophilia, moderate 
haemophilia or severe haemophilia. 

5 28. A recombinant functional polypeptide according to any of claims 1 to 15, 
wherein the said unmodified polypeptide exerts the function of a factor IX 
molecule. 

29. A recombinant functional polypeptide according to claim 28, for treating 
10 haemophilia B. 

30. A recombinant functional polypeptide according to any of daims 1 to 13, 
wherein the said unmodified polypeptide is selected from proteins involved in 
blood coagulation, proteins involved in diseases of the immune system, 

15 proteins involved in metabolic disorders, proteins involved in diseases of the 
musculature, proteins involved in diseases of the nervous system and proteins 
involved in diseases caused by a dysfunction of cell signalling or transporter 
proteins. 

20 31. A method to generate a mammalian protein-specific T-cell clonal cell line by 
using a cell line expressing protein-specific antibodies, or fragments thereof, on 
its surface. 

32. A method according to claim 31, wherein the cell line is a lymphoblastoid cell 
25 line. 

33. A method according to claim 32 wherein the cell line is the cell line KRIX 1 
deposited with the Belgian Coordinated Collections of Micro-o^anisms with 
Accession Number LMBP 5089CB. 

30 
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34. A method according to claim 31 or claim 32, wherein the said protein is a 
coagulation factor. 

35. A method according to claim 34, wherein the said coagulation factor is factor 
5 VIII. 

36. A method according to claim 35, wherein the protein-specific T-cell clonal cell 
line Is specific for the C1 domain of the factor VIII molecule. 

10 37. A method according to claim 36 wherein the cell line is the T cell clonal cell 
line D9:E9 deposited at BCCM with Accession Number LMBP 5850CB. 

38. A method according to claim 34, wherein the said coagulation factor is factor IX. 

IS 39.A method according to claim 31 or claim 32, wherein the said protein is 
selected from proteins involved in blood coagulation, proteins involved in 
diseases of the immune system, proteins involved in metabolic disorders, 
proteins involved in diseases of the musculature, proteins involved in diseases 
of the nervous system and proteins involved in diseases caused by a 

20 dysfunction of cell signalling or transporter proteins. 

40. A method according to any of claims 31 to 39, wherein cell lines expressing the 
protein-specffic antibodies are obtained by transfection or transduction with an 
expression vector for the protein-specific antibody or fragment thereof. 

25 

41. A method according to any of claims 31 to 40, comprising the step of identifying 
a peptide which has an epitope recognized by the clonal T-cell line by using a 
synthetic peptide library con^esponding to the said protein. 
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42. A method according to claim 41, further comprising the step of using the T cell 
clonal cell line to identify modifications of the T-cell epitope eliminating or 
reducing by at least about 80% its ability to activate the T-cell clonal cell line. 

5 43. A method according to claim 42, further comprising the step of producing a 
recombinant protein carrying a modification identified in the previous 
identification step. 

44. A method according to claim 43, further comprising the step of using the T-cell 
10 clone to verify that the modified protein does not provoke more than 20% T-cell 

activation by comparison to the wild-type protein. 

45. A method according to claim 44, further comprising the step of controlling the 
activity of the modified protein by means of a suitable protein functional assay. 

15 

46. A recombinant functional polypeptide according to any of claims 1 to 30, being 
obtainable by a method according to any of claims 31 to 45. 

47. A biologically active recombinant protein obtainable from a recombinant 
20 functional polypeptide according to any of claims 1 to 30. 

48. A biologically active recombinant protein according to claim 47, being obtained 
by in vitro processing the recombinant functional polypeptide by means of a 
suitable protease. 

25 

49. A biologically active recombinant protein according to claim 47, being a factor 
VIII molecule obtained by in vitm processing the recombinant factor VIII by 
means of thrombin. 
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50. A biologically active recombinant protein according to claim 49, wherein the B 
domain of factor VIII has been deleted or replaced with a protease-cleavable 
amino-acid sequence. 

51. A biologically active recombinant protein according to any of claims 47 to 50 for 
use as a medicament. 

52. A peptide identified by using a T-cell clonal cell line generated by a method 
according to any of claims 31 to 41. 

53. In vitro use of a peptide according to claim 52 for evaluating T-cell reactivity. 

54. /n vivo use of a peptide according to claim 52 for evaluating and/or modulating 
T-cell reactivity. 

55. A DMA sequence coding for a recombinant multiple point-mutated functional 
polypeptide according to any of daims 2 to 7. 

56. An expression vector including a DNA sequence according to claim 55 and a 
suitable promoter. 

57. A phamiaceutical composition comprising an effiective amount of a recombinant 
functional polypeptide according to any of claims 1 to 30 or an expression 
vector according to claim 56, and a phamiaceutically acceptable earner. 

58. A method of prevention or treatment of a disease induced by a lack or a 
dysfunction of a human protein, comprising administering to a human in need 
thereof an effective amount of a recombinant functional polypeptide according 
to any of claims 1 to 30 or an expression vector according to claim 52, said 
human protein being selected from proteins involved in blood coagulation, 
proteins involved in diseases of the immune system, proteins involved in 
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metabolic disorders, proteins involved in diseases of the musculature, proteins 
involved in diseases of the nervous system and proteins involved in diseases 
caused by a dysfunction of cell signalling or transporter pnDteins. 

59. A method of prevention or treatment according to claim 58, wherein the said 
protein is a coagulation factor and the disease is a thrombotic disonjer. 

60. A method of prevention or treatment according to claim 58 or claim 59, wherein 
the said coagulation factor is factor VIII and the said disease is haemophilia A. 

61. A method of prevention or treatment according to claim 58 or claim 59, wherein 
the said coagulation factor is factor IX and the said disease is haemophilia B. 

62. A method of prevention or treatment according to claim 58, wherein the said 
protein is selected from proteins involved in blood coagulation, proteins 
involved in diseases of the Immune system, proteins involved in metabolic 
disorders, proteins involved in diseases of the musculature, proteins involved in 
diseases of the nervous system and proteins involved in diseases caused by a 
dysfunction of cell signalling or transporter proteins. 

63. A T-cell clonal cell line generated by a metiiod according to any of claims 31 to 
45. 

64. A T-cell clonal cell line according to claim 63, being obtained by using as 
antigen presenting cell the cell line KRIX 1 deposited with the Belgian 
Coordinated Collections of Micro-organisms under accession number LMBP 
5089CB. 

65. A method to produce a recombinant therapeutically active modified polypeptide 
witii reduced immunogeneicity, tiie said polypeptide exerting at least one 
function of a mammalian protein, comprising ttie steps of : 
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(a) generating from a mammal T-celi clones against a non-autologous protein 
which gives rise to the occunrence of inhibitory antibodies in a patient, 

(b) identifying the major T-cell epitopes of the said wild-type therapeutically 
active mammalian protein which are associated with activation of T cell 

5 clones obtained in step (a), and 

(c) mutating amino-acids of the major T-cell epitopes identified in step (b) in 
such a way as to eliminate or reduce by at least about 80% T cell activation. 

66. A method according to claim 65, further comprising selecting the amino-acid 
JO mutations of step (c) which are able to preserve a specific activity of the 

recombinant therapeutically active polypeptide higher than about OJ. 

67. A method according to claim 65 or claim 66, wherein the identifying step (b) is 
perfomied by means of a peptide library from the unmodified polypeptide. 

15 

68. A method according to any of claims 65 to 67, wherein the mammalian protein 
is a human protein. 

69. A method according to any of claims 65 to 68, wherein the mammalian protein 
20 is a coagulation factor. 

70. A method according to any of claims 65 to 69, wherein the mammalian protein 
isfectorVIII. 

25 71. A method according to any of claims 65 to 69, wherein the mammalian protein 
is factor IX. 

72. A method according to any of claims 65 to 68, wherein the mammalian protein 
is selected from proteins involved in diseases of the immune system, proteins 
30 involved in metabolic disorders, proteins involved in diseases of the 
musculature, proteins involved in diseases of the nervous system and proteins 
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involved in diseases caused by a dysfunction of cell signaling or transporter 
proteins. 

73. A recombinant functional polypeptide according to any of claims 1 to 30, 
5 wherein reduced T-cell activation results from immuno-dominant T-cell 

epitopes. 

74. A recombinant functional polypeptide according to claim 73, wherein said 
immuno-dominant T-cell epitopes are identifiable by means of step (b) of the 

10 method of claim 65. 

75. A recombinant multiple point-mutated factor VIII light chain molecule containing 
the A3, C1 and C2 domains of factor VIII and being able to reconstitute a 
biologically active recombinant factor VIII molecule when suitably processed 

15 together with a mammalian or hybrid factor VIII heavy chain molecule 
containing the A1 and A2 domains of factor VIII, wherein the immunogenicity of 
the biologically active factor VIII molecule is reduced by providing, in respect of 
the unmodified factor VIII light chain molecule, (i) at least one point-mutation in 
a function-specific domain of the said light chain molecule, the said point- 

20 mutation(s) being able to eliminate or reduce by at least about 80%, with 
respect to activation by the unmodified factor Vill, the activation of at least one 
T-cell clone derived firom a mammal with antibody against the said unmodified 
fector VIII, and the said point-mutation(s) further being such that the specific 
activity of the biologically active recombinant factor VIII molecule is higher than 

25 0.1, and (ii) at least one substitution of at least one other amino-acid residue 
resulting from an exonic polymorphism of the gene encoding the unmodified 
factor VIII light chain molecule. 

76. A recombinant multiple point-mutated factor VIII light chain molecule according 
30 to claim 75, wherein the substitution (ii) is selected firom Val2223Met and 

Met2238Val. 
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77. A recombinant multiple point-mutated factor VIII light chain molecule according 
to claim 75 or claim 76, wherein the point-mutation (i) is in the C1 domain of the 
light chain. 

5 

78. A recombinant multiple point-mutated factor VIII light chain molecule according . 
to any of claims 75 to 76, wherein the point-mutation (i) is in the region between 
residues 2144 and 2161 of the unmodified factor VIII. 

10 79. A recombinant multiple point-mutated factor VIII light chain molecule according 
to any of claims 75 to 78, being the amino-acid sequence as shown in SEQ ID 
NO: 15 

80. A DNA sequence coding for a recombinant multiple point-mutated fector VIII 
15 light chain molecule according to any of claims 75 to 79. 

81. A DNA sequence according to claim 80, being the nucleotide sequence as 
shown in SEQ. ID NO 14 

20 82. An expression vector including a DNA sequence according to claim 80 or claim 
81 and a suitable promoter. 

83. An expression vector according to claim 82, belonging to the class of 
recombinant adeno-associated viral vectors. 

25 

84. An expression vector according to claim 82 or claim 83 which, upon co-infection 
of cells with a vector expressing the DNA sequence coding for the mammalian 
or hybrid factor VIII heavy chain molecule, is able to produce biologically active 
recombinant factor VI 11 in plasma. 

30 



85. A kit comprising : 
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(a) a first component being a recx>mbinant multiple point-mutated fector VIII 
light chain molecule according to claim 75, and 

(b) a second component being a mammalian or hybrid factor VIII heavy chain 
molecule which is able to reconstitute a biologically active recombinant 

5 factor VIII molecule when suitably processed in the presence of the first 

component. 

86. A pharmaceutical composition comprising an effective amount of a recombinant 
multiple point-4nutated factor VIII light chain molecule according to any of claims 

10 75 to 79 or an expression vector according to any of claims 82 to 84. and a 
pharmaceutically acceptable carrier. 

87. A method of prevention or treatment of a disease induced by a lack or a 
dysfunction of human factor VIII, comprising administering to a human in need 

15 thereof an effective amount of a recombinant multiple point-mutated factor VIII 
' light chain molecule according to any of claims 75 to 79 or an expression vector 
according to any of claims 79 to 84 or a phamiaceutical composition according 
to claim 86. 

20 88. A method according to claim 87, wherein the said disease is haemophilia A. 

89. A recombinant point-mutated factor VIII light chain molecule containing the A3, 
C1 and C2 domains of factor VIII and being able to reconstitute a biologically 
active recombinant factor VIII molecule when suitably processed together with a 
25 mammalian or hybrid factor VIII heavy chain molecule containing the A1 and A2 
domains of factor VIII. wherein the factor VIII clearance in plasma is reduced by 
providing, in respect of the unmodified factor VIII light chain molecule, at least 
one amino-acid deletion in the region between residues 2180 to 2220 of the C2 
domain of the unmodified factor VIII. 

30 
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90. A recombinant point-mutated factor VIII light chain molecule according to claim 
89. being the amino-acid sequence as shown in SEQ ID N0:17 

91. A DNA sequence coding for a recombinant point-mutated factor VIII light chain 
molecule according to claim 89 or claim 90. 

92. A DNA sequence according to claim 91, being the nucleotide sequence as 
shown in SEQ ID NO:16 

93. A biologically active recombinant factor VIII molecule comprising a recombinant 
point-mutated factor VIII light chain molecule according to claim 89 or dafm 90 
together with a mammalian or hybrid factor VIII heavy chain molecule 
containing the A1 and A2 domains of factor VIII. 

94. A biologically active recombinant factor VIIJ molecule according to claim 93, 
further comprising the B domain factor VIII. 

95. A biologically active recombinant factor VIII molecule according to daim 93 or 
claim 94, for use as a medicament 

96. A biologically active recombinant factor VIII molecule according to any of claims 
93 to 95, for use in the treatment of haemophilia A. 

97. A biologically active recombinant factor VIII molecule according to any of claims 
93 to 96, for administration to a human. 

98. A biologically active recombinant factor VIII molecule according to any of claims 
93 to 97, for administration at a frequency less than one-third of the frequency 
of administration of the unmodified factor VIII molecule. 
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99. An expression vector including a DNA sequence according to claim 91 or claim 
92 and a suitable promoter. 

100. An expression vector according to claim 99, belonging to the class of 
recombinant adeno-asspciated viral vectors. 

101. An expression vector according to claim 99 or claim 100 which, upon co- 
Infection of cells a vector expressing the DNA sequence coding for the 
mammalian or hybrid factor VIII heavy chain molecule, is able to produce 
biologically active recombinant factor VIII in plasma. 

1 02. A kit comprising : 

(a) a first component being a recombinant point-mutated factor VIII light chain 
molecule according to claim 89 or claim 90, and 

(b) a second component being a mammalian or hybrid factor VIII heavy chain 
molecule v^ich is able to reconstitute a biologically active recombinant 
factor Vili molecule when suitably processed in the presence of the first 
component 

103. A pharmaceutical composition comprising an effective amount of a 
recombinant point-mutated factor VIII light chain molecule according to claim 89 
or claim 90 or an expression vector according to any of claims 99 to 101 , and a 
phamiaceutically acceptable canier. 

104. A method of prevention or treatment of a disease induced by a lack or a 
dysfunction of human factor VIII, comprising administering to a human in need 
thereof an effective amount of a recombinant point-mutated factor VIII light 
chain molecule according to claim 89 or claim 90, or an expression vector 
according to any of claims 99 to 101 or a phamiaceutical composition according 
to claim 103. 
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105. A method according to claim 100. wherein the said disease is haemophilia 
A. 

106. Use of a recombinant point-mutated fector VIII light chain molecule 
according to claim 89 or 90 as a template to detemiine another modification of 
the factor VIII molecule is able to reduce the clearance, e.g. to increase the 
half-life time, of factor VIII in plasma 
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Amino acid residues T cell clone 



2140 2150 2160 B3:6 D9:E9 

• • • 

[SEQ ID NO:l] IFNPPIIARYIRLHPT 

[SEQ ID NO: 2] IIARYIRLHPTHYSIRST 

[SEQ ID NO: 3] ARYIRLHPTHYSIRST + + 

[SEQ ID NO: 4] YIRLHPTHYSIRST + 

[SEQ ID NO: 5] RLHPTHYSIRST 

[SEQ ID NO: 6] IIARYIRLHPTHYSI + + 

[SEQ ID NO: 7] IIABYIRLBPTHY 



Figure 3 




Figure 4 
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Amino acid 
residues 



cell clone Mutation 



2145 



2160 B3:6 D9:E9 



[SEQ ID NO: 8] IIAQYXBI.HPTHYSIRST 
[SEQ ID NO: 9] IIARYIHLHPTHYSIRST 
[SEQ ID NOrlOlIIARYIRLHQTHYSIRST 
[SEQ ID NO:ll]IIARYXKLHPIHYSIRST 
[SEQ ID NO:12]IIARYIRI.HPTHYSILST 



h+ Arg2147Gln 

+ Arg2150His 

- Pro2153Gln 

- Thr2154Ile 
H- Arg2159Leu 



Figure 5 
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<160> 18 
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<210> 1 

<211> 16 

<212> PRT 

<213> Homo sapiens 

<220> 

<221> msC^FBATUBE 
<222> (1) . . (16) 

<223> himian Factor VXII fragment, residue 2139-2154 
<400> 1 

He Phe Asn Pro Pro He lie Ala Arg Tyr lie Arg lieu His Pro Thr 
15 10 15 



<210> 


2 


<211> 


18 


<212> 


PRT 


<213> 


Homo 1 


<220> 




<221> 


MISC 1 


<222> 


(1).. 


<223> 


human 


<400> 


2 



He He Ala Arg Tyr He Arg lieu His Pro Thr His Tyr Ser He Arg 
15 10 15 



Ser Thr 



<210> 3 
<:211> 16 
<212> PRT 
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<213> Homo sapiens 
<220> 

<221> MISC_EBATUBB 
<222> (1) . . (16) 

<223> human Factor VIXX fragment, residue 2146-2161 
<400> 3 

Ala Arg Tyr lie Arg Leu His Pro Thr His Tyr Ser lie Arg Ser Thr 
15 10 15 



<210> 4 

<211> 14 

<212> PRT 

<213> Homo sapiens 

<220> 

<221> MISC_FEA3roRB 
<222> (1) . • (14) 

<223> human Factor VXII fragment, residue 2148-2161 
<400> 4 

Tyr lie Arg Leu His Pro Thr His Tyr Ser lie Arg Ser Xhr 
15 10 



<210> 5 

<211> 12 

<212> PRT 

<213> Homo aapx&xxB 

<220> 

<221> MISCJFEATORE 
<222> (1) • . (12) 

<223> human Factor VXII fragment, residue 2150-2161 
<400> 5 

Arg Leu His Pro Thr His Tyr Ser lie Arg Ser Thr 
15 10 



<210> 6 

<211> 15 

<212> PRT 

<213> Homo sapiens 

<220> 

<221> MISCJ5KATURB 
<222> (1) . . (15) 

<223> human Factor VXII fragment, residue 2144-2158 
<400> 6 

lie lie Ala Arg Tyr He Arg Leu His Pro Thr His Tyr Ser He 
15 10 15 
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<210> 7 

<211> 13 

<212> PRT 

<213> Homo sapiens 

<220> 

<221> MISC_FEATURE 

<223> human F&otor VIII fragment, residue 2144-2156 
<400> 7 

lie lie Ala Arg !Cyr lie Arg Leu His Pro Xhr His Tyr 
15 10 



<210> 8 

<211> 18 

<212> ERT 

<213> Homo sapiens 

<220> 

<221> MISC^FEATDRB 
<222> (1) . . (18) 

<223> Mutant factor VIII Arg214761n, amino adds 2144-2161 
<400> 8 

He He Ala Gin Tyx He Arg I.eu His Pro Thr His Tyr Ser He Arg 
15 10 15 



Ser Thr 



<210> 9 

<211> 18 

<212> PRT 

<213> Homo sapiens 

<220> 

<221> MISC_FEATDRE 
<222> (1) . . (18) 

<223> Mutant factor VIII Arg2150His, amino acids 2144-2161 
<400> 9 

He He Ala Arg Tyr He His Leu His Pro Thr His Tyr Ser He Arg 
15 10 15 



Ser Thr 



<210> 10 

<211> 18 

<212> PRT 

<213> Homo sapiens 
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<220> 

<221> MISC_FEAa!ORB 
<222> (1) . . (18) 

<223> M2tant factor VZII Pro215361n, amino adds 2144-2161 
<400> 10 

lie He Ala Arg Tyr He Arg Leu His Gin Thr His Tyr Ser He Arg 
15 10 15 



Ser Thr 



<210> 11 

<211> 18 

<212> PRT 

<213> Homo sapiens 

<220> 

<221> KtSC^FEATORE 
<222> (1) . . (18) 

<223> Mutant factor VIII Thr2154Ile, amino acids 2144-2161 
<400> 11 

He He Ala Arg Tyr He Arg Zaeu His Pro He His Tyr Ser He Arg 
15 10 15 



Ser Thr 



<210> 12 

<211> 18 

<:212> PRT 

<213> Hoano seqpiens 

<220> 

<221> mSCJPBArUKB 

<223> Mitant factor VIII Arg2159Leu, amino acids 2144-2161 

<400> 12 

He He Ala Arg Tyr He Arg lieu His Pro Thr His Tyr Ser He Leu 
15 10 15 



Ser Thr 



<210> 


13 


<211> 


2332 


<212> 


PRT 


<213> 


Homo sapiens 


<220> 




<221> 


MXSC FEATURE 


<222> 


(1) . . (2332) 
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<223> Human Factor VIII, P2153Q mutant 
<400> 13 

Ala Thr Azrg Arg 'Syx Tyr lieu 61y Ala Val Glu Leu Ser Txp Asp Tyx 
15 10 15 



Met Gin Ser Asp lieu Gly Glu lieu Fro Val Asp Ala Arg Phe Pro Pro 
20 25 30 



Arg Val Pro Lys Ser Phe Pro Phe Asn Thr Ser Val Val Tyr Iiys Iiys 
35 40 45 



Thr Leu Phe Val Glu Phe Thr Val His Leu Phe Asn lie Ala Lys Pro 
50 55 60 



Arg Pro Pro Tzp Met Gly Leu Leu Gly Pro Thr lie Gin Ala Glu Val 
65 70 75 80 



Tyr Asp Thr Val Val lie Thr Leu Lys Asn Met Ala Ser His Pro Val 
85 90 95 



Ser Leu His Ala Val Gly Val Ser Tyr Trp Lys Ala Ser Glu Gly Ala 
100 105 110 



Glu Tyr Asp Asp Gin Thr Ser Gin Arg Glu Lys Glu Asp Asp Lys Val 
115 120 125 



Phe Pro Gly Gly Ser His Thr Tyr Val Txp Gin Val Leu Lys Glu Asn 
130 135 140 



Gly Pro Met Ala Ser Asp Pro Leu Cys Leu Thr Tyr Ser Tyr Leu Ser 
145 150 155 160 



His Val Asp Leu Val Lys Asp Leu Asn Ser Gly Leu lie Gly Ala Leu 
165 170 175 



Leu Val Cys Arg Glu Gly Ser Leu Ala Lys Glu Lys Thr Gin Thr Leu 
180 185 190 



His Lys Phe lie Leu Leu Phe Ala Val Phe Asp Glu Gly Lys Ser Trp 
195 200 205 



His Ser Glu Thr Lys Asn Ser Leu Mat Gin Asp Arg Asp Ala Ala Ser 
210 215 220 



Ala Arg Ala Tzp Pro Lys Met His Thr Val Asn Gly Tyr Val Asn Arg 
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225 230 235 240 



Ser lieu Pro Gly Leu lie 61y Cys His Arg Lys Ser Val Tyr a?rp His 
245 250 255 



VaX lie Gly Met Gly Thx Thr Pro Glu Val His Ser lie Phe Leu 61u 
260 265 270 



Gly His Thr Phe Leu Val Arg Asn His Arg Gin Ala Ser Leu Glu lie 
275 280 285 



Ser Pro lie Thr Phe Leu Thr Ala Gin Thr Leu Leu Met Asp Leu Gly 
290 295 300 



Gin Phe Leu Leu Phe Cys His lie Ser Ser His Gin His Asp Gly Met 
305 310 315 320 



Glu Ala Tyr Val Lys Val Asp Ser Cys Pro Glu Glu Pro Gin Leu Arg 
325 330 335 



Mat Lys Asn Asn Glu Glu Ala Glu Asp Tyr Asp Asp Asp Leu Thr Asp 
340 345 350 



Ser Glu Mat Asp Val Val Arg Phe Asp Asp Asp Asn Ser Pro Ser Phe 
355 360 365 



lie Gin lie Arg Ser Val Ala Lys Lys His Pro Lys Thr Tzp Val His 
370 375 380 



Tyr lie Ala Ala Glu Glu Glu Asp Trp Asp Tyr Ala Pro Leu Val Leu 
385 390 395 400 



Ala Pro Asp Asp Arg Ser Tyr Lys Ser Gin Tyr Leu Asn Asn Gly Pro 
405 410 415 



Gin Arg He Gly Arg Lys Tyr Lys Lys Val Arg Phe Mfet Ala Tyr Thr 
420 425 430 



Asp Glu Thr Phe Lys Thr Arg Glu Ala He Gin His Glu Ser Gly He 
435 440 445 



Leu Gly Pro Leu Leu Tyr Gly Glu Val Gly Asp Thr Leu Leu He He 
450 455 460 



Phe Lys Asn Gin Ala Ser Arg Pro Tyr Asn He Tyr Pro His Gly He 
465 470 475 480 
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Xhr Asp Val Arg Pro I*eu Tyr Ser Arg Arg Leu Pro Lys Gly Val I«ys 
485 490 495 



His lieu Iiys Asp Phe Pro lie I«eu Pro Gly Glu lie Phe I»ys Tyr Lys 
500 505 510 



Tzp Thr Val Thr Val Glu Asp Gly Pro Thr Lys Ser Asp Pro Arg Cys 
515 520 525 



Leu Thr Arg tTyr Tyr Ser Ser Phe Val Asn Hat Glu Arg Asp Leu Ala 
530 535 540 



Ser Gly Leu lie Gly Pro laeu Leu lie Cys Tyr Lys Glu Ser VaX Asp 
545 550 555 560 



Gin Arg Gly Asn Gin lie Met: Ser Asp Lys Arg Asn Val lie Leu Phe 
565 570 575 



Ser Val Phe Asp Glu Asn Arg Ser Txp Tyr Leu Thr Glu Asn lie Gin 
580 585 590 



Arg Phe Leu Pro Asn Pro Ala Gly Val Gin Leu Glu Asp Pro Glu Phe 
595 600 605 



Gin Ala Ser Asn He Met: His Ser He Asn Gly Tyr Val Phe Asp Ser 
610 615 620 



Leu Gin Leu Ser Val Cys Leu His Glu Val Ala Tyr Trp Tyr He 31*eu 
625 630 635 640 



Ser He Gly Ala Gin Thr Asp Phe Leu Ser Val Phe Phe Ser Gly Tyr 
645 650 655 



Thr Phe Lys Hxs Lys Met: Val Tyr Glu Asp Thr Leu Thr Leu Phe Pro 
660 665 670 



Phe Ser Gly Glu Thr Val Phe Mat: Ser Mat: Glu Asn Pro Gly Leu Trp 
675 680 685 



He Leu Gly Cys Hxs Asn Ser Asp Phe Arg Asn Arg Gly Met: Thr Ala 
690 695 700 



Leu Leu Lys Val Ser Ser Cys Asp Lys Asn Thr Gly Asp Tyr Tyr Glu 
705 710 715 720 
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Asp Ser Tyr Glu Asp lie Ser Ala Tyr Leu Leu Ser Lys Asn Asn Ala 
725 730 735 



lie Glu Pro Azg Ser Phe Ser Gin Asn Ser Arg His Pro Ser Xhr Arg 
740 745 750 



61n Lys Gin Phe Asn Ala Thr Thr lie Pro Glu Asn Asp lie Glu Lys 
755 760 765 



Thr Asp Pro Txp Phe Ala Hi.s Arg Thr Pro Met Pro Lys lie Gin Asn 
770 775 780 



Val Ser Ser Ser Asp Leu Leu MSel: Leu Leu Arg Gin Ser Pro Thr Pro 
785 790 795 800 



Hxs Gly Leu Ser Leu Ser Asp Leu Gin Glu Ala Lys Tyr Glu Thr Phe 
805 810 815 



Ser Asp Asp Pro Ser Pro Gly Ala lie Asp Ser Asn Asn Ser Leu Ser 
820 825 830 



Glu Mat Thr His Phe Arg Pro Gin Leu His His Ser Gly Asp Mat Val 
835 840 845 



Phe Thr Pro Glu Ser Gly Leu Gin Leu Arg Leu Asn Glu Lys Leu Gly 
850 855 860 



Thr Thr Ala Ala Thr Glu Leu Lys Lys Leu Asp Phe Lys Val Ser Ser 
865 870 875 880 



Thr Ser Asn Asn Leu lie Ser Thr lie Pro Ser Asp Asn I>eu Ala Ala 
885 890 895 



Gly Thr Asp Asn Thr Ser Ser lieu Gly Pro Pro Ser Met Pro Val Hxs 
900 905 . 910 



Tyr Asp Ser Gin Leu Asp Thr Thr Leu Phe Gly Lys Lys Ser Ser Pro 
915 920 925 



Leu Thr Glu Ser Gly Gly Pro Leu Ser Leu Ser Glu Glu Asn Asn Asp 
930 935 940 



Ser Lys Leu Leu Glu Ser Gly Leu Mat Asn Ser Gin Glu Ser Ser Trp 
945 950 955 960 
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61y Lys Asn Val Ser Ser Thr Glu Ser Gly Arg Leu Phe Lys 61y Lys 
965 970 975 



Arg Ala Hx6 Gly Pro Ala lieu Leu Thr Lys Asp Asn Ala Leu Pbe Lys 
980 985 990 



Val Ser He Ser Leu Leu Lys Thr Asn Lys Thr Ser Asn Asn Ser Ala 
995 1000 1005 



Thr Asn Arg Lys Thr Bxs He Asp Gly Pro Ser Leu Leu He Glu 
1010 1015 1020 



Asn Ser Pro Ser Val Trp Gin Asn He Leu Glu Ser Asp Thr Glu 
1025 1030 1035 



Phe Lys Lys Val Thr Pro Leu He His Asp Arg Met Leu Met Asp 
1040 1045 1050 



Lys Asn Ala Thr Ala Leu Arg Leu Asn His Met Ser Asn Lys Thr 
1055 1060 1065 



Thr Ser Ser Lya Asn Met Glu Met Val Gin Gin Lys Lys Glu Gly 
1070 1075 1080 



Pro He Pro Pro Asp Ala Gin Asn Pro Asp Met Ser Phe Phe Lys 
1085 1090 1095 



Mat Leu Phe Leu Pro Glu Ser Ala Arg Trp He Gin Arg Thr His 
1100 1105 1110 



(Sly Lys Asn Ser Leu Asn Ser Gly Gin Gly Pro Ser Pro Lys Gin 
1115 1120 1125 



Leu Val Ser I.eu Gly Pro Glu Lys Ser Val Glu Gly Gin Asn Phe 
1130 1135 1140 



Leu Ser Glu Lys Asn Lys Val Val Val Gly Lys Gly Glu Phe Thr 
1145 1150 1155 



Lys Asp Val Gly Leu Lys Glu Met Val Pbe Pro Ser Ser Arg Asn 
1160 1165 1170 



Leu Phe Leu Thr Asn Leu Asp Asn Leu His Glu Asn Asn Thr His 
1175 1180 1185 



Asn Gin Glu Lys Lys He Gin Glu Glu He Glu Lys Lys Glu Thr 
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1190 1195 1200 



lieu lie 61n Glu Asn Val Val Leu Pro Gin He His Thr Val Thr 
1205 1210 1215 



Gly Thr Lys Asn Phe Met Lys Asn Leu Phe Leu Leu Ser Thr Arg 
1220 1225 1230 



Gin Asn Val Glu Gly Ser Tyr Glu Gly Ala Tyr Ala Pro Val Leu 
1235 1240 1245 



Gin Asp Phe Arg Ser lieu Asn Asp Ser Thr Asn Arg Thr Lys Lys 
1250 1255 1260 



His Thr Ala His Phe Ser Lys Lys Gly Glu Glu Glu Asn Leu Glu 
1265 1270 1275 



GXy Leu Gly Asn Gin Thr Lys Gin He Val Glu Lys Tyr Ala Cys 
1280 1285 1290 



Thr Thr Arg He Ser Pro Asn Thr Ser Gin Gin Asn Phe Val Thr 
1295 1300 1305 



Gin Arg Ser Lys Arg Ala Leu Lys Gin Phe Arg Leu Pro Leu Glu 
1310 1315 1320 



Glu Thr Glu Leu Glu Lys Arg He He Val Asp Asp Thr Ser Thr 
1325 1330 1335 



Gin Txp Ser Lys Asn Mel: Lys His Leu Thr Pro Ser Thr Leu Thr 
1340 1345 1350 



Gin He Asp Tyr Asn Glu Lys Glu Lys Gly Ala He Thr Gin Ser 
1355 1360 1365 



Pzro Leu Ser Asp Cys Leu Thr Arg Ser His Ser He Pro Gin Ala 
1370 1375 1380 



Asn Arg Ser Pro Leu Pro He Ala Lys Val Ser Ser Phe Pro Ser 
1385 1390 1395 



He Arg Pro He Tyr Leu Thr Arg Val Lea Phe Gin Asp Asn Ser 
1400 1405 1410 



Ser His Leu Pro Ala Ala Ser Tyr Arg Lys Lys Asp Ser Gly Val 
1415 1420 1425 
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Gin Glu Ser Ser His Phe Leu Gin Gly Ala Lys Lys Asn Asn Leu 
1430 1435 1440 



Ser Leu Ala He Leu Thr Leu Glu Met Thr Gly Asp Gin Arg Glu 
1445 1450 1455 



Val Gly Ser Leu Gly Thr Ser Ala Thr Asa Ser Val Thr Tyr Lys 
1460 1465 1470 



Lys Val Glu Asn Thr Val Leu Pro Lys Pro Asp Leu Pro Lys Thr 
1475 1480 1485 



Ser Gly Lys Val Glu Leu Leu Pro Lys Val His He Tyr Gin Lys 
1490 1495 1500 



Asp Leu Phe Pro Thr Glu Thr Ser Asn Gly Ser Pro Gly His Leu 
1505 1510 1515 



Asp Leu Val Glu Gly Ser Leu Leu Gin Gly Thr Glu Gly Ala He 
1520 1525 1530 



Lys Txp Asn Glu Ala Asn Arg Pro Gly Lys Val Pro Phe Leu Arg 
1535 1540 1545 



Val Ala Thr Glu Ser Ser Ala Lys Thr Pro Ser Lys Leu Leu Asp 
1550 1555 1560 



Pro Leu Ala Trp Asp Asn His Tyr Gly Thr Gin He Pro Lys Glu 
1565 1570 1575 



Glu Trp Lys Ser Gin Glu Lys Ser Pro Glu Lys Thr Ala Phe Lys 
1580 1585 1590 



Lys Lys A^ Thr He Leu Ser Leu Asn Ala Cys Glu Ser Asn His 
1595 1600 1605 



Ala He Ala Ala He Asn Glu Gly Gin Asn Lys Pro Glu He Glu 
1610 1615 1620 



Val Thr Trp Ala Lys Gin Gly Arg Thr Glu Arg Leu Cys Ser Gin 
1625 1630 1635 



Asn Pro Pro Val Leu Lys Arg His Gin Arg Glu He Thr Arg Thr 
1640 1645 1650 
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Thr Leu Gin Ser Asp Gin Glu Glu lie Asp Tyr Asp Asp !Chr He 
1655 1660 1665 



Ser Val Glu M^t I>ys I>ys Glu Asp Phe Asp He Tyr Asp Glu Asp 
1670 1675 1680 



Glu Asn Gin Ser Pro Arg Ser Phe Gin I»ys I#ys Thr Arg His Tyr 
1685 1690 1695 



Phe He Ala Ala Val Glu Arg Leu Trp Asp Tyr Gly Met Ser Ser 
1700 1705 1710 



Ser Pro His Val Leu Arg Asn Arg Ala Gin Ser Gly Ser Val Pro 
1715 1720 1725 



Gin Phe Lys Lys Val Val Phe Gin Glu Phe Thr Asp Gly Ser Phe 
1730 1735 1740 



Thr Gin Pro Leu Tyr Arg Gly Glu Leu Asn Glu His Leu Gly Leu 
1745 1750 1755 



Leu Gly Pro T^r Xle Arg Ala Glu Val Glu Asp Asn He Mat Val 
1760 1765 1770 



Thr Phe Arg Asn Gin Ala Ser Arg Pro Tyr Ser Phe Tyr Ser Ser 
1775 1780 1785 



Leu He Ser Tyr Glu Glu Asp Gin Arg Gin Gly Ala Glu Pro Arg 
1790 1795 1800 



Lys Asn Phe Val Lys Pro Asn Glu Thr Lys Thr Tyr Phe Trp Lys 
1805 1810 1815 



Val Gin His His Met Ala Pro Thr Lys Asp Glu Phe Asp Qys Lys 
1820 1825 1830 



Ala Trp Ala Tyr Phe Ser Asp Val Asp Leu Glu Lys Asp Val His 
1835 1840 1845 



Ser Gly Leu Xle Gly Pro Leu Leu Val Cys His Thr Asn Thr Leu 
1850 1855 I860 



Asn Pro Ala His Gly Arg Gin Val Thr Val Gin Glu Phe Ala Leu 
1865 1870 1875 



Page 12 



wo 02/098454 PCT/BE02/00088 



Phe Phe Thr lie Phe Asp Glu Thr Lys Ser Txp Tyr Phe Thr Glu 
1880 1885 1890 



Asn Mat Glu Arg Asn Cys Arg Ala Pro Cys Asn He Gin Met Glu 
1895 1900 1905 



Asp Pro Thr Phe Lys Glu Asn Tyr Arg Phe His Ala He Asn Gly 
1910 1915 1920 



Tyr He Miet Asp Thr lieu Pro Gly Leu Val Mat Ala Gin Asp Gin 
1925 1930 1935 



Arg He Arg Trp Tyr Leu Leu Ser Met Gly Ser Asn Glu Asn He 
1940 1945 1950 



His Ser He His Phe Ser Gly His Val Phe Thr Val Arg Lys Lys 
1955 1960 1965 



Glu Glu Tyr Lys Mat Ala Leu T^ Asn Leu Tyr Pro Gly Val Phe 
1970 1975 1980 



Glu Thr Val Glu Mat Leu Pro Ser Lys Ala Gly He Trp Arg Val 
1985 1990 1995 



Glu Cys Leu He Gly Glu His Lau His Ala Gly Met Ser Thr Leu 
2000 2005 2010 



Phe Leu Val Tyr Ser Asn Lys Cys Gin Thr Pro Leu Gly Mfet Ala 
2015 2020 2025 



Ser Gly His He Arg Asp Phe Gin He Thr Ala Ser Gly Gin Tyr 
2030 2035 2040 



Gly Gin Trp Ala Pro Lys Leu Ala Arg Leu His Tyr Ser Gly Ser 
2045 2050 2055 



He Asn Ala Trp Ser Thr Lys Glu Pro Phe Ser Trp He Lys Val 
2060 2065 2070 



Asp Leu Leu Ala Pro Met He He His Gly He Lys Thr Gin Gly 
2075 2080 2085 



Ala Arg Gin Lys Phe Ser Ser Leu Tyr He Ser Gin Phe He He 
2090 2095 2100 



Met Tyr Ser Leu Asp Gly Lys Lys Trp Gin Thr Tyr Arg Gly Asn 
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2105 2110 2115 



Ser Thr 61y Thr Leu Met Val Phe Phe 61y Asn VaX Asp Ser Ser 
2120 2125 2130 



61y lie Lys Hxs Asn lie Phe Asn Pro Pro lie lie Ala Arg Tyr 
2135 2140 2145 



lie Arg Leu His Gin Thr His Tyr Ser lie Arg Ser Thr Leu Arg 
2150 2155 2160 



Met Glu Leu Met 61y Cys Asp Leu Asn Ser Cys Ser Met Pro Leu 
2165 2170 2175 



61y Met Glu Ser Lys Ala lie Ser Asp Ala Gin lie Thr Ala Ser 
2180 2185 2190 



Ser Tyr Phe Thr Asn Met Phe Ala Thr Trp Ser Pro Ser Lys Ala 
2195 2200 2205 



Arg Leu Hxs Leu Gin Gly Arg Ser Asn Ala Trp Arg Pro Gin Val 
2210 2215 2220 



Asn Asn Pro Lys Glu Trp Leu Gin Val Asp Phe Gin Lys Thr Met 
2225 2230 2235 



Lys Val Thr Gly Val Thr Thr Gin Gly Val Lys Ser Leu Leu Thr 
2240 2245 2250 



Ser Met Tyr Val Lys Glu Phe Leu lie Ser Ser Ser Gin Asp Gly 
2255 2260 2265 



His Gin Trp Thr Leu Phe Phe Gin Asn Gly Lys Val Lys Val Phe 
2270 2275 2280 



Gin Gly Asn Gin Asp Ser Phe Thr Pro Val Val Asn Ser Leu Asp 
2285 2290 2295 



Pro Pro Leu Leu Thr Arg Tyr Leu Arg lie His Pro Gin Ser Trp 
2300 2305 2310 



Val His Gin He Ala Leu Arg Met Glu Val Leu Gly Cys Glu Ala 
2315 2320 2325 



Gin Asp Leu Tyr 
2330 
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<210> 14 

<211> 1932 

<212> Dmi 

<213> Homo sapiens 



<220> 
<221> 
<222> 
<223> 



CDS 

(1) . . (1932) 

Human Factor VXIX light chain, P2153Q mutant 



<400> 14 

age ttt caa aag aaa aca cga cac tat ttt att get gca gtg gag agg 
Ser Phe Gin Lys Lys Thr Arg His Tyr Phe lie Ala Ala Val Glu Arg 
15 10 15 



48 



etc tgg gat tat ggg atg agt age tec oca cat gtt eta aga aao agg 
Lea Tzp Asp Tyr Gly Met Ser Ser Ser Fro His Val lieu Arg Asn Arg 
20 25 30 



96 



get cag agt ggc agt gtc ect cag ttc aag aaa gtt gtt tte cag gaa 144 
Ala Gin Ser Gly Ser Val Sro Gin Phe liys liys Val Val Phe Gin Glu 
35 40 45 

ttt act gat ggc tec ttt act cag ccc tta tae cgt gga gaa eta aat 192 
Phe Xbr Asp Gly Ser ^le Thr Gin Pro Zieu Tyr Arg Gly Glu Leu Asn 
50 55 60 

gaa cat ttg gga etc ctg ggg cca tat ata aga gca gaa gtt gaa gat 240 
Glu His Leu Gly Leu Leu Gly Pro Tyr lie Arg Ala Glu Val Glu Asp 
65 70 75 80 

aat ate atg gta act ttc aga aat cag gee tct cgt ccc tat tec ttc 288 
Asn lie Mat Val Thr Phe Arg Asn Gin Ala Ser Arg Pro Tyr Ser Phe 
85 90 95 

tat tct age ctt att tct tat gag gaa gat cag agg caa gga gca gaa 336 
Tyr Ser Ser Leu lie Ser Tyr Glu Glu Asp Gin Arg Gin Gly Ala Glu 
100 105 110 

ect aga aaa aac ttt gtc aag ect aat gaa ace aaa act tae ttt tgg 384 
Pro Arg Lys Asn Phe Val Lys Pro Asn Glu Thr Lys Thr Tyr Phe Trp 
115 120 125 

aaa gtg caa cat cat atg gca ceo act aaa gat gag ttt gae tgc aeia 432 
Lys Val Gin His His Met Ala Pro Thr Lys Asp Glu Phe Asp Cys Lys 
130 135 140 

gee tgg get tat tte tct gat gtt gae ctg gaa aaa gat gtg cac tea 480 
Ala Trp Ala Tyr Phe Ser Asp Val Asp Leu Glu Lys Asp Val His Ser 
145 150 155 160 

ggc ctg att gga ccc ott ctg gtc tgc cac act aac aca ctg aac ect 528 
Gly Leu lie Gly Pro Leu Leu Val Cys His Thr Asn Thr Leu Asn Pro 
165 170 175 

got cat ggg aga caa gtg aca gta cag gaa ttt get ctg ttt ttc ace 576 
Ala His Gly Arg Gin Val Thr Val Gin Glu Phe Ala Leu Phe Phe Thr 
180 185 190 
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ate ttt. ga-b gag aco aaa ago t:gg tao tto act gaa aat atg gaa aga 624 
lie Phe Asp Glu Thr Lys Ser Trp Tyr PbB Thr Glu Asn Mat Glu Arg 
195 200 205 

aac tgo agg get ceo tgc aat ate eag atg gaa gat ecc aet ttt aaa 672 
Asn Cys Arg Ala Pro Cys Asn lie 61n Mat Glu Asp Pro Thr Phe Lys 
210 215 220 

gag aat tat cgc ttc cat gca ate aat ggc tac ata atg gat aca eta 720 
Glu Asn Tyr Arg Phe His Ala lie Asn Gly Tyr lie Met Asp Thr lieu 
225 230 235 240 

cot ggc tta gta atg get cag gat caa agg att cga tgg tat ctg etc 768 
Pro Gly Leu Val Met Ala Gin Asp Gin Arg lie Arg Trp Tyr Leu Leu 
245 250 255 

age atg ggc age aat gaa aae ate eat tct att eat ttc agt gga cat 816 
Ser Met Gly Ser Asn Glu Asn lie His Ser He His Phe Ser Gly His 
260 265 270 

gtg ttc act gta cga aaa aaa gag gag tat aaa atg gca ctg tac aat 864 
Val Phe Thr Val Arg Lys Lys Glu Glu Tyr Lys Met Ala Leu Tyr Asn 
275 280 285 

etc tat cca ggt gtt ttt gag aca gtg gaa atg tta cca tec aaa get 912 
Leu Tyr Pro Gly Val Phe Glu Thr Val Glu Met Leu Pro Ser Lys Ala 
290 295 300 

gga att tgg egg gtg gaa tgc ctt att ggc gag cat eta cat get ggg 960 
Gly He Trp Arg Val Glu Cys Leu lie Gly Glu His Leu His Ala Gly 
305 310 315 320 

atg age aca ctt ttt ctg gtg tac age aat aag tgt cag act ecc ctg 1008 
Met Ser Thr Leu Phe Leu Val Tyr Ser Asn Lys Cys Gin Thr Pro Leu 
325 330 335 

gga atg get tct gga cac att aga gat ttt cag att aca get tea gga 1056 
Gly Met Ala Ser Gly His He Arg Asp Phe Gin He Thr Ala Ser Gly 
340 345 350 

caa tat gga cag tgg gee cca aag ctg gee aga ctt cat tat tec gga 1104 
Gin Tyr Gly Gin Trp Ala Pro Lys Leu Ala Arg Leu His Tyr Ser Gly 
355 360 365 

tea ate aat gee tgg age ace aag gag ecc ttt tct tgg ate aag gtg 1152 
Ser He Asn Ala Trp Ser Thr Lys Glu Pro Phe Ser Trp He Lys Val 
370 375 380 

gat ctg ttg gca cca atg att att eac ggc ate aag ace cag ggt gee 1200 
Asp Leu Leu Ala Pro Met He He His Gly He Lys Thr Gin Gly Ala 
385 390 395 400 

cgt cag aag ttc tec age etc tac ate tct eag ttt ate ate atg tat 1248 
Arg Gin Lys Phe Ser Ser Leu Tyr He Ser Gin Phe He He Met Tyr 
405 410 415 

agt ctt gat ggg aag aag tgg eag act tat cga gga aat tec act gga 1296 
Ser Leu Asp Gly Lys Lys Trp Gin Thr Tyr Arg Gly Asn Ser Thr Gly 
420 425 430 

ace tta atg gtc ttc ttt ggc aat gtg gat tea tct ggg ata aaa eac 1344 
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Thr Leu Met Val Phe Fhe Gly Asn Val Asp Ser Ser Gly lie Lys His 
435 440 445 

aat att ttt aac cct cca a-tt att get cga tac ate cgt ttg cac Ccur 1392 
Asn lie Phe Asn Pro Pro lie lie Ala Arg Tyr lie Arg Leu His Gin 
450 455 460 

act cat tat age att cgc age act ctt cgc atg gag ttg atg gge tgt 1440 
Thr His Tyr Ser lie Arg Ser Thr Leu Arg Met Glu Leu Met Gly Cys 
465 470 475 480 

gat tta aat agt tge age atg cca ttg gga atg gag agt aaa gca ata 1488 
Asp lieu Asn Ser Cys Ser Ifet Pro Leu Gly Mat Glu Ser Lys Ala lie 
485 490 495 

tea gat gca cag att act get tea tec tac ttt ace siat atg ttt gee 1536 
Ser Asp Ala Gin lie Thr Ala Ser Ser lyr Phe Thr Asn Met Phe Ala 
500 505 510 

acc tgg tct cot tea aaa get cga ctt oac etc caa ggg agg agt aat 1584 
Thr Tzp Ser Pro Ser Lys Ala Arg Leu His X«eu Gin Gly Arg Ser Asn 
515 520 525 

gee tgg aga ect cag gtg aat aat cca aaa gag tgg etg caa gtg gac 1632 
Ala Trp Arg Pro Gin Val Asn Asn Pro Lys Glu Txp Leu Gin Val Asp 
530 535 540 

tto cag aag aca atg aaa gtc aca gga gta act act cag gga gta aaa 1680 
Phe Gin Lys Thr Met Lys Val Thr Gly Val Thr Thr Gin Gly Val Lys 
545 550 555 560 

tct etg ctt ace age atg tat grtg aag gag ttc etc ate tec age agt 1728 
Ser Leu Leu Thr Ser Met Tyr Val Lys Glu Phe Leu lie Ser Ser Ser 
565 570 575 

caa gat gge eat cag tgg act etc ttt ttt cag aat gge asta gta aag 1776 
Gin Asp Gly His Gin Trp Thr Leu Phe Kie Gin Asn Gly Lys Val Lys 
580 585 590 

gtt ttt cag gga aat caa gac tec ttc aca cct gtg gtg aac tct eta 1824 
Val Phe Gin Gly Asn Gin Asp Ser Phe Thr Pro Val Val Asn Ser Leu 
595 600 605 

gac cca ccg tta etg act cgc tac ctt cga att cac ccc cag agt tgg 1872 
Asp Pro Pro Leu Leu Thr Arg Tyr Leu Arg lie His Pro Gin Ser Tzp 
610 615 620 

gtg cac oag att goc etg agg atg gag gtt otg ggo tge gag gca cag 1920 
Val His Gin lie Ala Leu Arg Met Glu Val Leu Gly Cys Glu Ala Gin 
625 630 635 640 

gac etc tac tga 1932 
Asp Leu Tyr 



<210> 15 

<211> 643 

<212> PRT 

<213> Homo sapiens 

<400> 15 
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Ser Gin Lys Lys Thr Arg His Tyr Phe lie Ala Ala Val 61u Arg 
15 10 15 



Leu Txp Asp Tyr 61y ttet Ser Ser Ser Pro His Val lieu Arg Asn Arg 
20 25 30 



Ala Gin Ser Gly Ser Val Pro Gin Phe Lys Lys Val Val Phe Gin Glu 
35 40 45 



Phe Thr Asp Gly Ser Phe !rhr Gin Pro Leu Tyr Arg Gly Glu Leu Asn 
50 55 60 



Glu His Leu Gly Leu Tjgu Gly Pro Tyr lie Arg Ala Glu Val Glu Asp 
65 70 75 80 



Asn He Met Val Thr Phe Arg Asn Gin Ala Ser Arg Pro Tyr Ser Phe 
85 90 95 



Tyr Ser Ser Leu He Ser Tyr Glu Glu Asp Gin Arg Gin Gly Ala Glu 
100 105 110 



Pro Arg Lys Asn Phe Val Lys Pro Asn Glu Thr Lys Thr Tyr Phe Trp 
115 120 125 



Lys Val Gin His His Mat Ala Pro Thr Lys Asp Glu Phe Asp Cys Lys 
130 135 140 



Ala Trp Ala Tyr Phe Ser Asp VaX Asp Leu Glu Lys Asp Val His Ser 
145 150 155 160 



Gly Leu He Gly Pro Leu Leu Val Cys His Thr Asn Thr Leu Asn Pro 
165 170 175 



Ala His Gly Arg Gin Val Thr Val Gin Glu Phe Ala Leu Phe Phe Thr 
180 185 190 



He Phe Asp Glu Thr Lys Ser Trp Tyr Phe Thr Glu Asn Met Glu Arg 
195 200 205 



Asn Cys Arg Ala Pro Cys Asn He Gin Met Glu Asp Pro Thr Phe Lys 
210 215 220 



Glu Asn Tyr Arg Phe His Ala He Asn Gly Tyr He Met Asp Thr Leu 
225 230 235 240 
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Pro Gly Leu Val Met Ala Gin Asp Gin Arg lie Arg Tzp Tyx Leu Leu 
245 250 255 



Ser Met Gly Ser Asn Glu Asn He His Ser He His Phe Ser Gly His 
260 265 270 



Val Phe Thr Val Arg Lys Lys Glu Glu Tyr Lys Met Ala Leu Tyr Asn 
275 280 285 



Leu Tyr Pro Gly Val Phe Glu Thr Val Glu Met Leu Pro Ser Lys Ala 
290 295 300 



Gly He Trp Arg Val Glu Cys Leu lie Gly Glu His Leu His Ala Gly 
305 310 315 320 



Met Ser Thr Leu Phe Leu Val Tyr Ser Asn Lys Cys Gin Thr Pro Leu 
325 330 335 



Gly Met Ala Ser Gly His He Arg Asp Phe Gin He Thr Ala Ser Gly 
340 345 350 



Gin Tyr Gly Gin Trp Ala Pro Lys I*eu Ala Arg Leu His Tyr Ser Gly 
355 360 365 



Ser He Asn Ala Trp Ser Thr Lys Glu Pro Phe Ser Trp He Lys Val 
370 375 380 



Asp Leu Leu Ala Pro Met He He His Gly He Lys Thr Gin Gly Ala 
385 390 395 400 



Arg Gin Lys Phe Ser Ser Leu T^ He Ser Gin Kie He He Met Tyr 
405 410 415 



Ser Leu Asp Gly Lys Lys Trp Gin Thr Tyr Arg Gly Asn Ser Thr Gly 
420 425 430 



Thr Leu Met Val Phe Phe Gly Asn Val Asp Ser Ser Gly He Lys His 
435 440 445 



Asn He Phe Asn Pro Pro He He Ala Arg Tyr He Arg Leu His Gin 
450 455 460 



Thr His Tyr Ser He Arg Ser Thr Leu Arg Met Glu Leu Met Gly Cys 
465 470 475 480 



Asp Leu Asn Ser Cys Ser Met Pro Leu Gly Met Glu Ser Lys Ala He 
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485 490 495 



Ser Asp Ala Gin He Thr Ala Ser Ser Tyr Phe Thr Asn Met Phe Ala 
500 505 510 



Thr Trp Ser Pro Ser Lys Ala Arg Leu Hxs Leu Gin Gly Arg Ser Asn 
515 520 525 



Ala Trp Arg Piro Gin Val Asn Asn Pro Lys Glu Txp Leu Gin Val. Asp 
530 535 540 



Phe Gin Lys Thr Met Lys Val Thr Gly Val Thr Thr Gin Gly Val Lys 
545 550 555 560 



Ser Leu Leu Thr Ser Met Tyr Val Lys Glu Phe Leu He Ser Ser Ser 
565 570 575 



Gin Asp Gly His Gin Trp Thr Leu Phe Phe Gin Asn Gly Lys Val Lys 
580 585 590 



Val Phe Gin Gly Asn Gin Asp Ser Phe Thr Pro Val Val Asn Ser Leu 
595 600 605 



Asp Pro Pro Leu Leu Thr Arg Tyr Leu Arg He His Pro Gin Ser Trp 
610 615 620 



Val His Gin He Ala Leu Arg Mat Glu Val Leu Gly Cys Glu Ala Gin 
625 630 635 640 



Asp Leu Tyr 



<210> 16 

<211> 1929 

<212> DNA 

<213> Homo sapiens 

<220> 

<221> CDS 

<222> (1) . . (1929) 

<223> Human factor VIII light chain, A2201 deletion 
<400> 16 

age ttt caa aag aaa aoa cga cao tat ttt att get gca gtg gag agg 48 
Ser Phe Gin Lys Lys Thr Arg His Tyr Phe He Ala Ala Val Glu Arg 
15 10 15 

etc tgg gat tat ggg atg agt ago tec cca cat gtt eta aga aao agg 96 
Leu Tfp Asp Tyr Gly Met Ser Ser Ser Pro His Val Leu Arg Asn Arg 
20 25 30 
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get cag agt ggc agt gtc cct cag ttc aag aaa gtt gtt ttc cag gaa 144 
Ala Gin Ser Gly Ser Val Pro Gin Phe Lys Lys Val Val Phe Gin Glu 
35 40 45 

ttt aoi: gat ggo too ttt aot oag ceo tta tao ogt gga gaa eta aat 192 
Phe Thr Asp Gly Ser Phe Thr Gin Pro lieu Tyr Arg Gly Glu Leu Asn 
50 55 60 

gaa cat ttg gga etc ctg ggg oca tat ata aga gca gaa gtt gaa, gat 240 
Glu His Leu Gly Leu Leu Gly Pro Tyr lie Arg Ala Glu Val Glu Asp 
65 70 75 80 

aat ate atg gta aot ttc aga aat cag goo tct egt ccc tat tec ttc 288 
Asn He Met Val Thr Phe Arg Asn Gin Ala Ser Arg Pro Tyr Ser Phe 
85 90 95 

tat tct age ett att tct tat gag gaa gat cag agg caa gga gca gaa 336 
Tyr Ser Ser Leu He Ser Tyr Glu Glu Asp Gin Arg Gin Gly Ala Glu 
100 105 110 

oot aga aaa aac ttt gtc aag cct aat gaa ace aaa act tac ttt tgg 384 
Pxro Arg Lys Asn Phe Val Lys Pro Asn Glu Thr Lys Thr Tyr Phe Tzp 
115 120 125 

aaa gtg eaa cat eat atg gca ccc act aaa gat gag ttt gae tgc aaa 432 
Lys Val Gin Hxs His Met Ala Pro Thr Lys Asp Glu Phe Asp Cys Lys 
130 135 140 

gee tgg get tat ttc tct gat gtt gac ctg gaa aaa gat gtg cae tea 480 
Ala Txp Ala Tyr Phe Ser Asp Val Asp Leu Glu Lys Asp Val His Ser 
145 150 155 160 

ggc ctg att gga ccc ctt ctg gtc tgc oao aot aac aoa ctg aao cct 528 
Gly Leu lie Gly Pro Leu Leu Val Cys Hxs Thr Asn Thr Leu Asn Pro 
165 170 175 

get eat ggg aga caa gtg aca gta cag gaa ttt get ctg ttt ttc ace 576 
Ala His Gly Arg Gin Val Thr Val Gin Glu Phe Ala Leu Phe Phe Thr 
180 185 190 

ato ttt gat gag aoo aaa ago tgg tac ttc act gaa aat atg gaa aga 624 
Xle Phe Asp Glu Thr Lys Ser Tzp Tyr Phe Thr Glu Asn Met Glu Arg 
195 200 205 

aac tgc agg get ccc tgc aat ate cag atg gaa gat ccc act ttt aaa 672 
Asn Cys Arg Ala Pro Cys Asn Xle Gin Met Glu Asp Pro Thr Phe Lys 
210 215 220 

gag aat tat cgc ttc eat gca ate s«t ggc tac ata atg gat aca eta 720 
Glu Asn Tyr Arg Phe His Ala He Asn Gly Tyr He Met Asp Thr I.eu 
225 230 235 240 

cct ggc tta gta atg got oag gat caa agg att oga tgg tat ctg etc 768 
Pro Gly Leu Val Met Ala Gin Asp Gin Arg He Arg Trp Tyr Leu Leu 
245 250 255 



age atg ggc age aat gaa aac ate cat tct att cat ttc agt gga cat 
Ser Met Gly Ser Asn Glu Asn He His Ser He His Phe Ser Gly His 
260 265 270 



816 
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gtg tta act: gta oga aaa aaa gag gag tat aaa atg gca ctg tac aat 864 ' 

Val Phe Thr Val Arg Lys Lys Glu Glu Tyr Lys Mat Ala Leu Tyr Asn 
275 280 285 

etc tat cca ggt gtt ttt gag aca gtg gaa atg tta cca tec aaa get 912 
Leu Tyr Pro Gly Val Phe Glu Thr Val Glu Met Leu Pro Ser Lys Ala 
290 295 300 

gga att tgg egg gtg gaa tgc ctt att ggc gag cat eta cat get ggg 960 
Gly lie Trp Arg Val Glu Cys Leu lie Gly Glu His Leu His Ala Gly 
305 310 315 320 

atg age aca ctt ttt ctg gtg tac ago aat aag tgt oag act ccc ctg 1008 
Met Ser Thr Leu Phe Leu Val Tyr Ser Asn Lys Cys Gin Thr Pro Leu 
325 330 335 

gga atg get tet gga cac att aga gat ttt cag att aca get tea gga 1056 
Gly Met Ala Ser Gly His lie Arg Asp Phe Gin lie Thr Ala Ser Gly 
340 345 350 

caa tat gga cag tgg gee cca aag ctg gee aga ctt cat tat tec gga 1104 
Gin Tyr Gly Gin Trp Ala Pro Lys Leu Ala Arg Leu His Tyr Ser Gly 
355 360 365 

tea ate aat gee tgg age aec aag gag ccc ttt tet tgg ate aag gtg 1152 
Ser Xle Asn Ala Trp Ser Thr Lys Glu Pro Phe Ser Trp He Lys Val 
370 375 380 

gat ctg ttg gca cca atg att att oao ggc ate aag ace eag ggt gee 1200 
Asp Leu Leu Ala Pro Met He He His Gly He Lys Thr Gin Gly Ala 
385 390 395 400 

egt cag aag ttc tec age etc tac ate tet cag ttt ate ate atg tat 1248 
Arg Gin Lys Phe Ser Ser Leu Tyr He Ser Gin Phe He He Met Tyr 
405 410 415 

agt ctt gat ggg aag aag tgg eag act tat ega gga aat tee act gga 1296 
Ser Leu Asp Gly Lys Lys Trp Gin Thr Tyr Arg Gly Asn Ser Thr Gly 
420 425 430 

ace tta atg gtc ttc ttt ggc aat gtg gat tea tet ggg ata aaa cac 1344 
Thr Leu Met Val Phe Phe Gly Asn Val Asp Ser Ser Gly He Lys His 
435 440 445 

aat att ttt aac cet cca att att get ega tac ate egt ttg cac cca 1392 
Asn He Phe Asn Pro Pro He He Ala Arg Tyr He Arg Leu His Pro 
450 455 460 

act cat tat age att cgc age act ctt cgc atg gag ttg atg ggc tgt 1440 
Thr Bis Tyr Ser He Arg Ser Thr Leu Arg Met Glu Leu Met Gly Cys 
465 470 475 480 

gat tta aat agt tgc age atg cca ttg gga atg gag agt aaa gca ata 1488 
Asp Leu Asn Ser Cys Ser Met Pro Leu Gly Met Glu Ser Lys Ala He 
485 490 495 

tea gat gca cag att act get tea tec tac ttt aec aat atg ttt ace 1536 
Ser Asp Ala Gin He Thr Ala Ser Ser Tyr Ph& Thr Asn Met Phe Thr 
500 505 510 



tgg tet cet tea aaa get ega ctt cac etc caa ggg agg agt aat gcc 



1584 
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Trp Ser Fro Ser Lys Ala Arg Leu His Leu Gin 61y Arg Ser Asn Ala 
515 520 525 

tgg aga cct cag gtg aat aat cc3a aaa gag tgg ctg caa gtg gao t,ta 1632 
Tzp Arg Pro Gin Val Asn Asn Pro Lys Glu Trp Leu Gin Val Asp Phe 
530 535 540 

cag aag aca atg aaa gtc aca gga gta act act cag gga gta eiaa tct 1680 
Gin Lys Thr Met Lys Val Thr Gly Val Thr Thr Gin Gly Val Lys Ser 
545 550 555 560 

ctg ctt acc age atg tat gtg siag gag ttc etc ate tec age agt caa 1728 
Leu Leu Thr Ser Mat Tyr Val Lys Glu Phe Leu lie Ser Ser Ser Gin 
565 570 575 

gat ggc cat cag tgg act etc ttt ttt cag aat ggc aaa gta aag gtt 1776 
Asp Gly His Gin Trp Thr Leu Phe Phe Gin Asn Gly Lys Val Lys Val 
580 585 590 

ttt cag gga aat caa gac toe ttc aea cct gtg gtg aac tct eta gac 1824 
Phe Gin Gly Asn Gin Asp Ser Phe Zhr Pro Val Val Asn Ser Leu Asp 
595 600 605 

cca ccg tta ctg act cgc tac ctt cga att cac ccc cag agt tgg gtg 1872 
Pro Pro Leu Leu Thr Arg Tyr Leu Arg lie His Pro Gin Ser Trp Val 
610 615 620 

cao cag att gee ctg agg atg gag gtt ctg ggc tgc gag gca cag gac 1920 
His Gin lie Ala Leu Arg Mat Glu Val Leu Gly Cys Glu Ala Gin Asp 
625 630 635 640 

etc tac tga 1929 
Leu Tyjc 



<210> 17 

<211> 642 

<212> PRT 

<213> Homo sapiens 

<400> 17 

Ser Phe Gin Lys Lys Thr Arg His Tyx Phe lie Ala Ala Val Glu Arg 
15 10 15 



Leu Trp Asp Tyr Gly Met Ser Ser Ser Pro His Val Leu Arg Asn Arg 
20 25 30 



Ala Gin Ser Gly Ser Val Pro Gin Phe Lys Lys Val Val Phe Gin Glu 
35 40 45 



Ph& Thr Asp Gly Ser Phe Thr Gin Pro Leu Tyr Arg Gly Glu Leu Asn 
50 55 60 



Glu His Leu Gly Leu Leu Gly Pro Tyr lie Arg Ala Glu Val Glu Asp 
65 70 75 80 
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Asn He Met Val Xhr Phe Arg Asn Gin Ala Ser Arg Pro lyr Ser Phe 
85 90 95 



Tyr Ser Ser lieu lie Ser Tyr Glu Glu Asp Gin Arg Gin Gly Ala Glu 
100 105 110 



Pro Arg Lys Asn Phe Val Lys Pro Asn Glu Thr Lys Thr Tyr Phe Tzp 
115 120 125 



Lys Val Gin Hxs His M^t Ala Pro Thr Ziys Asp Glu Phe Asp Cys Lys 
130 135 140 



Ala Trp Ala Tyr Phe Ser Asp Val Asp Leu Glu Lys Asp Val His Ser 
145 150 155 160 



Gly Leu He Gly Pro Leu Leu Val Cys Hxs Thr Asn Thr Leu Asn Pro 
165 170 175 



Ala His Gly Arg Gin Val Thr Val Gin Glu Phe Ala Leu Phe Phe Thr 
180 185 190 



He Phe Asp Glu Thr Lys Ser Trp Tyr Phe Thr Glu Asn Met Glu Arg 
195 200 205 



Asn Cys Arg Ala Pro Cys Asn He Gin Met Glu Asp Pro Thr Phe Lys 
210 215 220 



Glu Asn Tyr Arg Phe His Ala He Asn Gly Tyr He Met Asp Thr Leu 
225 230 235 240 



Pro Gly Leu Val Mat Ala Gin Asp Gin Arg He Arg Tzp Tyr Leu Leu 
245 250 255 



Ser Met Gly Ser Asn Glu Asn He His Ser He His Phe Ser Gly His 
260 265 270 



Val Phe Thr Val Arg Lys Lys Glu Glu Tyr Lys Met Ala Leu Tyr Asn 
275 280 285 



Leu Tyr Pro Gly Val Phe Glu Thr Val Glu Met Leu Pro Ser Lys Ala 
290 295 300 



Gly Xle Txp Arg Val Glu Cys Leu He Gly Glu His Leu His Ala Gly 
305 310 315 320 
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Mdi; Ser Xhr lieu Fhe lieu Val Tyr Ser Asn Xiys Cys Gin Thr Pro Leu 
325 330 335 



Gly Met Ala Ser Gly His He Arg Asp Phe Gin He Xhr Ala Ser Gly 
340 345 350 



Gin Tyr Gly Gin Trp Ala Pro Lys lieu Ala Arg Leu Hxs Tyr Ser Gly 
355 360 365 



Ser He Asn Ala Trp Ser Thr Lys 61u Pro Phe Ser Trp He Lys Val 
370 375 380 



Asp Leu Leu Ala Pro Met He He Hxs Gly He Lys Thr Gin Gly Ala 
385 390 395 400 



Arg Gin Lys Phe Ser Ser Leu T^ He Ser Gin Phe He He Met Tyr 
405 410 415 



Ser Leu Asp Gly Lys Lys Txp Gin Thr Tyr Arg Gly Asn Ser Thr Gly 
420 425 430 



Thr Leu Met Val Phe Phe Gly Asn Val Asp Ser Ser Gly He Lys His 
435 440 445 



Asn He Phe Asn Pro Pro He He Ala Arg Tyr He Arg Leu His Pro 
450 455 460 



Thr His T^fr Ser He Arg Ser Thr Leu Arg Met Glu Leu Met Gly Cys 
465 470 475 480 



Asp Leu Asn Ser Cys Ser Met Pro Leu Gly M^t Glu Ser Lys Ala He 
485 490 495 



Ser Asp Ala Gin He Thr Ala Ser Ser Tyr Phe Thr Asn Met Phe Thr 
500 505 510 



Trp Ser Pro Ser Lys Ala Arg Leu His Leu Gin Gly Arg Ser Asn Ala 
515 520 525 



Trp Arg Pro Gin Val Asn Asn Pro Lys Glu Trp Leu Gin Val Asp Phe 
530 535 540 



Gin Lys ^Chr Met Lys Val Thr Gly Val Thr Thr Gin Gly Val Lys Ser 
545 550 555 560 



Leu Leu Thr Ser Met Tyr Val Lys Glu Phe Leu He Ser Ser Ser Gin 
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565 570 575 



Asp Gly His Gin Txp Thr Leu She Phe Gin Asn Gly Iiys Val Lys Val 
580 585 590 



Phe Gin Gly Asn Gin Asp Ser Phe Thz: Pro Val Val Asn Ser Leu Asp 
595 600 605 

Pro Pro Leu Leu Thr Arg Tyr Leu Arg lie Hxs Pro Gin Ser Trp Val 
610 615 620 

His Gin lie Ala Leu Arg Met Glu Val Leu Gly Cys Glu Ala Gin Asp 
625 630 635 640 

Leu 

<210> 18 

<211> 6999 

<212> DNA 

<213> Homo sapiens 

<220> 

<221> miscjfeature 

<222> (1) • . (6999) 

<223> Human Fkotor VIII P2153Q 

<400> 18 



gccacscagaa 


ga'baotacc'b 


gggtgcagtg gaactgtcat gggaotatiat goaaagtgat 


60 


cfcoggbgagc 


tgcctgtgga 


cgcaagatt^ cctcctagag tgccaaaate t:t:t:t:ccat:txs 


120 


aacsaectoag 


tegtgtacaa 


aaagaototg 1:t:tgtagaat tcacggttx» ccttttcaac 


180 


atogctaago 


oaaggooacc 


ctggatgggt ctgctaggto otaooatcca ggotgaggt-b 


240 


tatgatacag 


tggtcattac 


acttaagaac atggcttccc at:cct:gt:cag tcttcatgct 


300 


gttggtgtat 


cct:actggaa 


agcttctgag ggagctgaat atgatgatc3a gaccagteaa 


360 




aagatgataa 


agtcbtccct ggtggaagpc atacatatg^ ctggcaggte 


420 


ctgaa3.gaga 


atggtecaat: 


ggcobotgao ooaotgtgcc ttacctactc atatctttct 


480 


catgtggaco 


"bggtaaaaga 


o1:1:geiat'boa ggoo'bca'ttg gagccctacb agtatgtaga 


540 


gaagggagtc 


bggccaagga 


aaagaoacag acottgcaca aatttatact ac3l:t1:ttgct 


600 


gtatttgatg 


aagggaaaag 


ttggoactca gaaacaaaga actccttgat gcaggatagg 


660 


gatgctgcat 


ctgctcgggc 


ctggcctaaa a-bgcacacag 'bcaatggt'ba tgtaaacagg 


720 


tctctgccag 


gtctgattgg 


atgccacagg aaatcagtct attggcatgt gattggaatg 


780 


ggcaccactc 


otgaagtgca 


ctcaatattc ctcgaaggto acacai;t;tot. tg1:gaggaao 


640 
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catcgcoagg csglxxsttgga aatclusgcca ataactttxsc ttactgctxsa aacactct:tg 900 

atggaccttg gacagtttct actgttttgt catatctcfct cccaccaaca tgatggca1:g 960 

gaagcttatg tcaaagtaga cagctgtcca gaggaaccco aactacsgaab gaaaaataat 1020 

gaagaagcgg aagactatga tgatgatcrfcfc act:gattotg aaatggatgt gglicaggktit 1080 

gatgatgaca actetecttc cfcttatccaa aiitcgcteag btgccaagaa gcatcctaaa 1140 

acttgggtac a1:t:acabt:gc tgctgaagag gaggaotggg actatgcbcc ctt:agix»:t:c 1200 

goccsccgatg acagaagtta i:aaaagt:caa t:a'bt;i:gaaca atggcocbca gcsggattggi: 1260 

aggaagtacsa aaaaagtcog atttatggca tiacacsagatg aaacctbtaa gactcgtgaa 1320 

gctat:tcago atgaatcagg aatcttggga coi:t:tacti:t atggggaagt tggagacaca 1380 

ctgttgatta taiittaagaa teaagcaago agaooatata acatctaccc tcacggaate 1440 

actgatgtcc gtcctttgta titcaaggaga ttaccaaaag gtgtaaaaca tttgaaggat 1500 

tttecaattxs t:gccaggaga aata-btcaaa -ta-taaatgga cagtgacbgl: agaagatggg 1560 

ccaactaaal: cagatcctcg gtgcctgacc cgctattact ctagtttcgt taatatggag 1620 

agagatetag ottx^ggact cattggccct ctccbcatct gctacaaaga atctgtagat: 1680 

caaagaggaa aooagataat gtcagacsaag aggaatgtoa tootgbti:tc tgtatttgab 1740 

gagaaoogaa go-tggtaccb cacagagaab atacaacgct ttataaacBa, -bccagctgga 1800 

gtgoagottg agga-bccaga glitccaagco tccaacatca tgcacagoat caatggota-k 1860 

gtttt-bgata gtttgcagtt gtcagtttgt titgcatgagg tggcatactg gtacattcta 1920 

agcattggag cacagactga cttcctttct gtcttcttct ctggatatac cttxsaaacac 1980 

aaaa-tggtct: atgaagacac acixsacccta btcccattct oaggagaaeto tgtcttca'bg 2040 

tcgatggaaa acccaggtct atggattctg gggligccaca actcagactt tcggaacaga 2100 

ggeatgaocg oct:tactgaa ggtttotagt tgtgaoaaga acactggtga ttattacgag 2160 

gacagiitatg aagatattto agcatacttg ctgagtaaaa acaatgccat tgaaccaaga 2220 

agctte-bccc agaa-bteaag acaccctegc acbaggcaaa agcaat:t:t:aa tgccaccaca 2280 

attccagaaa atgacataga gaagactgac ccttggtttg cacacagaac acdiatgccb 2340 

aaaatacaaa atgtctcctc tagtgatttg ttgatgctct i:gcgacagag tcctactcca 2400 

catgggctab ccbtatotga tctccsaagaa gccaaatatg agacttt-bto tgatgatcca 2460 

tcacc1:ggag caatagacag taataacago ctgtetgaaa tgacacactt caggccaoag 2520 

ctecai^caca gtggggacat ggtatttacc cctigagtcag gcctccaatt aagattaaat 2580 

gagaaactgg ggacaactgc agcaiaoagag ttgaagaaac ttgatttcaa agtttctagt 2640 
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acaticaaata ate-bgat;i:tc aacaafcteca Ixsagacaatt: tggoagoagg taotgatiaat: 2700 
acaag^-tcct taggaccccc aagtaligocsa gtitxtattatg atagtcaatt agataccact 2760 
otatttggca aaaagtcatc tcoccttaot gagtctggtg gacototgag ottgagtgaa 2820 
gaaaataatg alitoaaagtt gttagaatoa ggtttaatga atagccaaga aagttcatgg 2880 

ggaaaaaatg tatcsgtcaao agagagtggt aggttattta aagggaaaag agctcatgga 2940 

cctgctttgt tgac1:aaaga taatgcotta tt:caaagtta gcatctxsttt gttaaagaca 3000 

aacaaaactt ccaataattc agcsaaotaat agaaagacto acattgatgg cccatcatta 3060 

ttaattgaga atagtecatc agbctggcaa aatatattag aaagtgacac tgagtttaaa 3120 

aaagtgacac ctttgat^tca tgaoagaatg cttatggaca aaaatgctac agc1:ttgagg 3180 

ctaaatcata tgticaaataa aaetact'bca f-.c.aaaaaana tggaaatggt ccaacagaaa 3240 

aaagagggcc cscatilUKsaco agatgcsacsaa aatccsagata tgtcgttct:t taagatgeba 3300 

ttcttgocag aatca g oaag gtggatacaa aggactcatg gaaagaactc tctgaactot 3360 

gggcaaggco ccagtccaaa gcaattagta tcc-btaggao cagaaaaato tgtggaaggt: 3420 

cagaatttct tgtetgagaa aaaoaaagtg gtagliaggaa agggtgaatt tacaaaggac 3480 

gtaggactca aagagatggt ttttccaagc agcagaaacc tatttcttac taacttggat 3540 

aatt:tacatg aaaataatac acacaatcsia gaaaaaaaaa 'b'bcsiggaaga aatagaaaag 3600 

aaggaaaoat taatccaaga gaatgtagtt ttgcctcaga tacatacsagt gaotggoact 3660 

aagaatttca tgeiagaacct tttcttactg agcsaotaggc aaaatgtaga aggttoatal: 3720 

gagggggoat atgctoca g t acttcaagai: t^taggtcab taaatgafctc aacaaataga 3780 

aoaaagaaao acacagotca tttctcaaaa aaagg gg ag g aagaaaacbt ggaaggcttg 3840 

ggaaatcaaa ccaagcaaa't tgtagagaaa totgcatgca ccacaaggat abctcctaa't 3900 

acaagccagc agaattttgt cacgcaacgt agtaagagag ctttgaaaca attcagactc 3960 

ccactagaag aaacagaact 'tgaaaaaagg aticia'btgtgg atgacacctc aacccag1;gg 4020 

tccEiaaaaca tgaaacatitt: gacccogagc accci:cacac agatagacta caatgagaag 4080 

gagaaagggg ccattactca gtotccctta txsagattgco btacgaggag tcatagcatc 4140 

cotoaagcaa atagatctco attacccatt gcaaaggtat catcatttcc atotattaga 4200 

ootatatatc tgaooagggt cctattccaa gaoaactctt. otoatc1:too agoagcatct: 4260 

tatagaaaga aaga-btctgg ggtccaagaa agcagtcatt -tcttacaagg agcscaaaaaa 4320 

aataaccttt ctttagccat tctaaccttg gagatigactg gt:gatcaaag agaggttggo 4380 

tccctgggga caagtgccsac aaattcagtc acat:acaaga aagttgagaa cactgttctc 4440 

ocgaaaocag acttgcccaa aacatotggo aaag1:tgaat tgcttccaaa agttcaoabt 4500 
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tatcagaagg aootairtccc taoggaaaot agcaatgggb ctxsctggoca tctggatotc 4560 

gtggaaggga gcattattcB. gggaacagag ggagcsgatta agtggaatga agcaaacaga 4620 

cotggaaaag tteccbtitei: gagagtagca acagaaagct: atgcactagac tccctccaag 4680 

otattggcitc ctcttgcttg ggataaccao tatggtactc agataccaaa agaagagtgg 4740 

aaatcccaag agaagtcaco agaaaaaaca gcrbtttaaga aaaaggatac aalit^ttgtcc 4800 

otgaacgctt gt:gaaagcaa iicatgcaata gcagcaataa atgagg g aca aaataagccc 4860 

gaaatagaag Ixzacctgggc aaagcaaggt aggactgaaa ggctgtgcto tcaaaaccca 4920 

ccagtcttga aacgccatxsi acgggaaata aotcgtacta ctxsttcagtc agatcaagag 4980 

gaaatitgact atgatgatac catatcagtt gaaatgaaga aggsiaga1:i:t tgacatttab • 5040 

gatgaggatg aaaatca g ag ccocogcago tttcaaaaga aaaoaogaca otattttatt 5100 

gctgcagtgg agaggctx:t:g ggattatggg atgagteigot ccccacatgt tctaagaaac 5160 

agggcixiaga gtggcagtgt ccctcagttc aagaaagttg ttttccagga atttactgat 5220 

ggctccttta obcagccctt: ataccgtgga gaactaaatg aacat:ttggg actcctgggg 5280 

ccatatataa gagcagaagt tgaagataat atcatggtaa ctt:tcagaaa tcaggcctcb 5340 

cgtccctatt co^tetatto tagcoiitatt tcttatgagg aagatcagag gcaaggagca 5400 

gaacotagaa aaaacb-btgt oaagootaat gaaaccaaaa cttacttiitg gaaagtgoaa 5460 

catcatatgg cacooaotaa agatgagttt gactgcaaag cctgggotta tttctctgat 5520 

gttgacctgg aaaaagatzgt gcactcaggc ctgattggac cccttotggt ctgccacact 5580 

aacacactga accctgctca tgggagacaa gtgacagtac aggaafcttgc tctgtttttc 5640 

aocatxs1:t:tg atgagaccaa aagctggtac ttusactgaaa atatggaaag aaaotgcagg 5700 

gctccctgca atatecagat ggaagatccc actt:i:taaag agaa-btatcg cttccatgca 5760 

atcaatggot aoataatgga taoaotaoot ggo-btagtaa tggctcagga tcaaaggatt 5820 

cgatggtato tgctcsagcat gggcsagcsaal: gaaaacatcc attctattca tt1x:sagtgga 5880 

catgtgttca otgtacgaaa aaaagaggag tataaaatgg cactgtacaa tctctatcca 5940 

ggtgtttttg agacagtigga aatgttacca tccaaagctg gaatttggcg ggtggaatgc 6000 

cttattggcg agcaiictaca tgctgggatg agcacacttt ttctggtgta cagcaataag 6060 

tgtoagactc ccctgggaat ggcttctgga cacattagag attttcagat tacagottca 6120 

ggacaatatg gacagtgggo cccaaagctg gcoagacttc attabtccgg atcaatcaat 6180 

gcctggagca ccaaggagcc c^tttcttgg atcaaggtgg atrctgttggc accaatgatt 6240 

attcacggca tusaagaccca gggtgcccgt oagaagttct coagcctcta catctctcag 6300 
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tttatcatca tgtatagtct tgatgggaag aagtggcaga cttatcgagg aaattccact 6360 

ggaaccttaa tggtcttctt tggcaatgtg gattcatctg ggataaaaca caatattttt 6420 

aaccctccaa ttattgctcg atacatccgt ttgcaccara otcattatag cattcgcagc 6480 

actottcgca tggagttgat gggotgtgat ttaaatagtt gcsagoatgco attgggaatg 6540 

gagagtaaag csiatatcaga tgoaoagatt aotgcbtoa-b cctaotttao caatatgtbb 6600 

gcscaootggb otcot:t:oaaa agctcgaott nncclrrfnaag ggaggagbaa tgcotggaga 6660 

csctcaggtga ataatccaaa agagtggctg caagtggact tccagaagac aatgaaagixs 6720 

acaggagtaa ctactcaggg agtaaaatct ctgcttacca gcatgtatgt gaaggagttc 6780 

ctcatctcca gcagtcaaga tggccatcag tggactctct tttttcagaa tggcaaagta 6840 

aaggtttttc agggaaatu^ agactccttc acacctgtgg tgaactclx^t agacccaccg 6900 

ttaotgactc gctaccttcg aattcaccscc cagagttggg tgoaooagat tgccctgagg 6960 

atggaggtto tgggctgcga ggcsacaggao ototactga 6999 
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